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AUTHOR'S PREFACE 
TO THE SECOND YEAR'S EDITION. 



The favomable reception accorded to our Fobmulaibb, and the advice 
and encouragement which we have received, prove that we were not 
mistaken as to the purpose and utility of this Httle book. We there- 
fore now bring it forward in the second year, with more confidence 
than in the first year of its issue. Each one of the numerous altera- 
tions to be f oimd in this edition is an improvement, as it either fills up 
a gap, corrects an error, or ^ves some new information. 

Tkua, in the first part, which is devoted to first principles, definitions, 
and general laws, we have remodelled the whole of the part on induc- 
tion, and given formulae for the galvanic field produced by a current of 
any given common geometric f omk. * • -» 

We have also modified some of the definitions of the units of mea- 
surement, in order to make them clearer and more precise ; we have 
given the *' l^omson's bridge " method for the measurement of very 
smaJl resistances, the formulae of Thomson's new voltmeters and am- 
meters, the formulae of the bifilar suspension, and the work produced 
by men and horses, etc 

In the Fourth Part, devoted to applications of Electricity, although 
but few new inventions have app^ired, we have, nevertheless, been 
enabled to add the results of tests of the new batteries of Skiivanow, 
Lalande, and Chaperon; the Edison-Hopkinson, Schuckert, and 
Ferranti dynamos ; Ajrrton and Perry's motors ; and the Grenoble ex- 
periments of Marcel Deprez on electrical transmission of power. 

We have completed the chapter on alternating current machines by 
giving the methods of Joubert and Potior, whidi enable the electro- 
motive force, current strength, and energy of such machines to be 
measured. I^e methods are fully given, so that either the efficiency 
of transformers or secondary generators, which are now receiving so 
much attention, or the high electromotive forces used in the traos- 
mission of energy, may be easily measured. 

In conclusion, we beg to thank our correspondents for their valuable 
co-operation. They wm see that, as &r as possible, we have taken 
advantage of their advice and information. 

We trust that they will kindly continue their friendly collaboration, 
and again, in the common interest, help us still further to improve this 
volume. E. H. 

Parte, Fiibrwiry, 1884. 



TRANSLATOE'S PREFACE. 



In common with man^ of tliose who have had to do with the modem 
development of electrical engineering, I had long desired some small 
portable book, in which it would be easy to find constants, formulae, 
methods, and other pactical information in a concise form and 
without difficulty. The favourable reception accorded to M. 
Hospitalier's '^ fx>rmulaire Pratic[ue de I'Electricien " by English 
electricians, has led me to hope that a similar book in English might 
be useful to electrical engineers, 

I have therefore prepared the present work, which consists 
principally of a translation of M. Hospitalier's " Formulaire." This, 
the main portion of it, has been carefully compared with M. 
Hospitaliers edition for 1884, and almost all the additional informa- 
tion contained in that edition has been added. 

During the progress of the work I haye also added such new 
matter as my own reading or experience has suggested. 

Mv thanks are due to Prof. Fleeming Jenkm, F.R.S., and other 
frien<u, for valuable suggestions ; to Mr. W. H. Preece, F.R.S., and 
Mr. Kempe, of the Post Office, who haye kindly allowed me to make use 
of some of the technical instructions of their department ; and also to 
Profs. Ayrton and Perry, and Messrs. Orompton and Kapp, for most 
valuable contributions. 

I trust, that though I may not have added yery much in quantity 
to the information to be found in the French edition, the additions 
may yet be found of value, and that at all events I may have 
succeeded in producing a faithful and intelligible rendering of the 
original. 

It is intended, should the work meet wifch a fayourable reception, 
to follow M. Hospitalier's example and republish it periodically, with 
such additions as may be desirable. I therefore venture to repeat his 
appeal, and to ask electricians generally to assist in such a task by 
forwarding to me, addressed to the publishers, corrections of any 
errors which may be found in this book, suggestions for its improve- 
mont, and, above all, the results of any new work, in the form of 
tables or formulsB. 

In conclusion, I must express my great indebtedness to Mr. 
Alfred J. Frost, Librarian of the Society of Telegraph Engineers and 
Electricians, who, at a time when I was unable to attend to any 
business, undertook the somewhat formidable task of correcting the 
fliiii.1 proofs and seeing this work through the press. q. ^ 
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JTirjst part 

DEFINITIONS, PRINCIPLES, GENERAL RULES. 



The physical phenomena, the study of which is included under the title 
of electricity and magnetism, can be subdivided into several groups, 
which, for want of a better classification, may be investigated in tiie fol- 
lowing order : 

(1) Magnetism,— ThQ action of magnets on magnetic bodies, and of 
one magnet upon another. 

(2) Static electricity. — ^The action of electrical charges. 

(3) Dynamic electricity, or electricity in motion, — ^Laws of currents, 
chemical action, and heating effects. 

(4) ElectrO'dynamics. — ^Action of currents on each other. 

(6) Electro-magnetism, — Magnetic actions produced by currents. 

(6) Induction.— -GxnT&nia produced in closed circuits by electrical or 
magnetic actions outside those circuits. 

We wiU adopt this order in the explanation of electrical laws, methods 
of measurement, and practical results. This classification does not, 
perhaps, present all necessary qualities from a scientific point of view, 
but it has the advantage of establishing convenient subdivisions, which 
facilitate research, and, to a certain extent, prevents confusion between 
the different subjects. 

MAGNETISM, 

The name magnet is given to all bodies capable of attracting iron. 
The properties of magnets, taken as a whole, and their investigation, 
constitute the science of magnetism. Magnets may be divided into three 
classes: 

(1) Natural magnets, — ^Magnetic oxide of iron, or magnetite re804, or 
loadstone. 

B 



2 DEFINITIONS, PRINCIPLES, LAWS. 

(2) Artijicial may nets. —Tempered or compressed steel. 

(3) Electro-magnets. — ^More or less pure iron, magnetised by the 
action of a current. 

Artificial magnets are made, according to the purpose for which they 
are to be used, in the form of bars, needles, horse-shoes, and U's. A 
magnet has always at least two poles. The axial line^ or magnetic axis^ 
is the line joining the poles of the magnets ; the equatorial line is that 
which is perpendicular to it. In a magnetised needle, the pole which 
turns towards the north is called the north pole, austral pole, marked 
pole, or Airy*s red pole. It is indicated by the letters n or A. The 
pole which turns towards the south is called the south pole, boreal pole, 
non-marked or Airy's blue pole. It is indicated by the letters s or b. 

Magnetic or pa/ramagnetic bodies are those which, without magnetism 
of their own, are attracted by magnets. 

Liamagnetic bodies are, on the contrary, repelled by magnets. 

l<ai¥S of magnetic action* — ^Two poles of the same name 
repel each other ; two poles of different names attract each other. The 
force exerted between two magnetic poles m and m' is proportional to the 
product of their intensities, and inversely proportionate to the square of 
the distance (rf) between them ; 

mm/ 

The unit pole^ or unit of magnetic quantity, is that which, at the unit 
distance from a similar pole, exercises an action equal to one unit of 
force. The portion of space which is under the influence of a magnet is 
called the magnetic Jield. The intensity of the magnetic field at a given 
point is equal to the force which the unit pole would exert at that point. 
The direction of the force is that in which a pole is urged by the 
magnetic field, or is that which a short magnetised needle, balanced and 
freely suspended, would take up when placed in the field. 

The space which surrounds a magnet, which is called the magnetic field, 
is found to be in a particular condition characterised by the presence of lines 
of force. This magnetic field is defined when we know the number of lines 
of force, their form, and their direction at each point of the field. These 
lines of force, in the simplest case (that of a magnetised bar) spread out 
in several directions, returning to the opposite end to that from which 
they started, and return through the interior of the mass of the bar. By 
defining a given line of force as the trajectory described by a north pole 
or marked pole moving freely under the influence of the magnet, the 
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direction of the line of force will be : From the north pole to the eonth 
pole in the magnetic field ; from the south pole to the north pole within 
the magnet. 




Pjg. 1. —Magnetic Field. 

The above sketch shows, roughly, the direction and form of the lines 
of force of a field produced by a magnetised bar. These lines of force 
have a real existence, as is shown by magnetic figures, and possess the 
following properties : 

Properties of the lines of force.— (l) Lines of force tend 
to becomer shorter. (2) Lines of force which are parallel and in the 
same direction repel each other {Faraday). (3) A line of force passing 
through a magnetic body may be considered as magnetically shorter than 
a line of force of the same length passing through air. The iuvestigatiou 
of magnetic figures confirms these theories of Faraday's in every case, 
and explains the mutual attractions and repulsions of magnets. 

A uniform magnetic Jield is that of which the intensity is the same at 
all points, and in which the lines of force are straight, parallel, and 
equidistant. The magnetic action between two magnets, of which the 
lengths may be neglected as compared with the distance between them, 
is inversely proportional to the cube of the distance between them 
{Gauss), 

The magnetic action between a suspended magnet and a mass 
acting upon it are proportional to the square of the number of oscillations 
which the magnet would make in a given time under their action alone, 
and inversely proportional to the square of the time which the magnet 
takes to make one complete oscillation {Coulomb), 

Absolute moment or magnetic moment of a magnet, — Let m be the in- 
tensity of one of the poles of a magnet, and / the distance between the 
poles, its moment is the product ml. 

Intensity of magnetisation.— The intensity of magnetisation is the 
ratio of the magnetic moment of a magnet to its volume. 

The properties of a magnetic field may be expressed numerically by 
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showing the intensity of the field and the direction of the magnetic force 
at every point. By tracing the direction of the force at each point of the 
field lines of force are obtained, and by making the number of these lines 
of force proportional to the intensity of the field at each point, a graphic 
representation of the field is obtained which is very useful in the investiga- 
tion of magnetic actions and induction effects. This mode of represent- 
ing a magnetic field is due to Faraday. When a magnetised bar, whose 
moment is mly is placed in a uniform magnetic field of intensity H 
perpendicularly to the lines of force, a couple G is produced proportional 
to the intensity of the field, to that of the poles w, and to the distance 
between them I. 

This couple tends to turn the needle round and cause its magnetic axis 
to take up a position parallel to the lines of force of the field. 

Magnetic indnction. — A magnetic body placed in a magnetic 
field is magnetised in the direction of the lines of force of the field. Its 
magnetism is called indttced magnetism, and the action itself is called 
magnetic induction. The magnetism retained by a magnetic body after 
it has been withdrawn from the field is residual magnetism ; the unknown 
cause of the residual magnetism is called coercive force. 

Coefficient of induced magnetism, or mag^net- 

ising^ flinction* — Let H be the intensity of a magnetic field, 7 the 
intensity of magnetisation ; the magnetising function h is given by the 
equation 

H 

It is proportional for very small values of H ; beyond such values X; is a 
function of H, which diminishes when H increases, and tends towards a 
final value, which is called the limit of magnetisation. 

TEBBESTBIAL MA.aN£TISM. 

When considering its magnetic action, the earth may be looked upon 
as a vast magnet, whose marked pole, or " north pole," is at the south. 

Magnetic meridian. — A vertical plane passing through the magnetic 
axis of a magnetised needle^ suspended by its centre of gravity. 

Declination. — ^The angle which the magnetic meridian makes with the 
terrestrial meridian.* 

* Sailors Bometimes call this angle the liavioAiori of the compass ; but this 
term is incorrect. - 
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Inclination. — The angle made by a maguetised needle with the hori/on 
in the magnetic meridian. 

Intensity. — ^The value of the terrestrial magnetic force which is 
resolved into horizontal intensity and vertical intensity. 

Isoclinic lines, — ^The locus of the points of equal inclination. 

Magnetic equator, locus of points of no inclination. 

Magnetic poles, points where the inclination is 90°. 

Isogonic lines, locus of the points of equal declination. 

Agonic lines, locus of the points of no declination. 

Isodynamic lines, locus of points of equal intensity. 

Variations. — ^Hourly, diurnal, annual, secular, etc., changes which 
occur in the value of the elements of terrestrial magnetism. 

Magnetometers and magnetographs. — Apparatus by which the values 
and variations of terrestrial magnetism are measured and registered. 

To neutralise the directive action of tlie earth 
on a magnetic needle* — (l) A magnetic bar is placed above 
the needle in the plane of the magnetic meridian, so as to act in a 
contrary direction to the earth. By varying its distance from the needle 
the action of the earth may be entirely, or in part, neutraUsed; the 
oscillations of the needle become slower as the "directing force 
diminishes. 

(2) By using astatic needles ; two needles nearly equally magnetised 
and mounted on the same pivot, with their contrary poles superimposed. 
(ifee their use in Third Part.) 

STATIC ELECTRICITY.* 

Statical electricity is manifested on electrified bodies under the form 
of a charge. The quantity of electrification of the body gives the 
measure of its charge, and tiie nature of this charge with respect to the 
surrounding space determines its sign. The production of a charge of a 
given sign on a body always determines the production of an equal 
charge of opposite sign on another body. 

By convention the charge taken by glass rubbed with silk is called 
vitreous electrification, positive (+), positive fluid, or positive electricity. 
The charge taken by resin, gum, indiarubber, or yellow amber rubbed 
with flannel is called resinous negative ( — ), negative fluid, or negative 
electricity. Bodies which show no sign of electrification are said to be in 
a neutral state. 

* For a long time the name of f riotional electricity was given to a group of 
pheuomena produced by electrical charges. This is an improi>er expression, 
because friction is only one means (it is true, that which is most employed) for 
producing electrical charges. 
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I^airs of electrical attraction and repulsion.— 

Two bodies whose charges are of the same sign repel each other ; two 
bodies whose charges are of a contrary sign attract each other. The 
attraction or repulsion of two charged bodies is proportional to the 
product of the charges, and inversely proportional to the square of the 
distance {Coulomb). 

Calling the charges qq', and the distance between them ef, the force/ 
is given by the equation 

The sign -|- indicates an attraction ; the sign — repulsion. 

Distribution of electrostatic charipes.— The charge 

of a conductor is on its surface. It is distributed uniformly over a sphere, 
and accumulates on points, edges, etc. 

The distribution of a charge is defined by the electrical density at each 
point ; that is to say, the quantity of electricity per unit of sxirf ace at each 
point. 

ThQ potential of a charged body is the measure of its electrification. 

The electrostatic capacity of a body is measured by the quantity of 
electricity or charge which must be communicated to it to raise its 
potential by one unit. 

The following relation exists between the potential V of a body, its 
charge Q, and its capacity C. 

Electrostatic induction.— The action exerted by a charged 
body on another body in the neutral state placed at a distance. 

In every body in the neutral condition induction precedes attraction. 
Induction depends on the nature of the medium which separates the two 
bodies, which is called the dielectric. This influence is a measure of the 
indttctive capacity of the medium. 

Specific inductive capacity, or dielectric 

capacity.^ The ratio between the capacity of two condensers of 
the same dimensions, of which one is an air condenser and the other has 
for its dielectric the substance of which the specific inductive capacity 
is sought. The specific inductive capacity of dry air at 0° C. and at a 
{Hressure of 76 centimetres of mercury {see figures in Fourth Part) is 
adopted as the unit. 
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CONDENSERS. 

Two conductors of any form separated by an insulator or dielectric, 
and having charges of opposite signs, form a condenser. 

The Leyden jar is a condenser, so is a submarine cable. The common 
condensers which are used, in induction coils, and as standards of 
capacity, are in general composed of sheets of tinfoil separated by 
insulating sheets (of paper, mica, etc.). These tinfoil sheets act like the 
int^nal and external coatings of a Leyden jar. 

Capacity of condensers* — ^This capacity is measured by 
the quantity of electricity which the condenser contains when charged by 
the unit of potentiaL In the electrostatic system the units have been chosen 
so that the capacity of a spherical insulated conductor is numerically equal 
to its radius. The C.G.S. unit of electrostatic capacity is the capacity of 
an insulated spherical conductor of one centimetre radius. In the 
electro-magnetic system (the only one which is employed in practice) 
the unit is the farad^ a condenser which, when charged to the potential 
of one volt, contains one coulomb of electricity. In practice the micro- 
farad is most commonly used. {See Second Part.) 

Charipe of a condenser .-^The charge Q taken by a con- 
denser is equal to the product of its capacity C by the e. nl. f . E by which 
it is charged. 

Q = CE. 

Example. — A condenser of 0-5 of a microfarad charged to a potential 
of 150 volts would contain 0*6 x 150 = 76 microcoulombs of electricity. 

Charg^e taken by tiro condensers.— Two condensers 

of capacity C and C, connected one to the (+) pole, the other to the 
(— ) pole of an insidated battery, their other armatures being to earth, 
take equal charges of a contrary sign (+ q and — q). The relations 
between the charges, the capacities and potentials v and v', are the 
following, E being the e. m. f. of the battery : 

y - i/ =z E. 

E 

c^ d 

Condensers Joined up for surface.— Let abc , , . be 

the individual capacity of each condenser, the total capacity C = a + * 
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If the condensers are charged separately with quantities, 
qz=.av q'z=bv' g" = cv" ; 
tJie total charge Q, when they are joined up for surface, will be 
Q = g + g' + q'... 
Their common potential V will be 

Q_^av + W + ci/' . . . 



C a + b + c, 

li one of the condensers has a charge q = a t\ after they are joined up 
the common potential will be 

q av 



c a + 64"<^ • • • 

Condensers Joined np in cascade.— Internal armature 

of the first joined to the source E, external armature to internal armature 
of the second, external armature of the second to internal armature of 
the third, etc. ; the external armature of the last to earth. 
The capacity of the system is given by the relation 

1=1 + 1+1... 
C a^ h^ c 

if the n condensers have the same capacity a. 

If the system be discharged, the quantity of electricity which traverses 
the external circuit is 

n 

But if the condensers be separated, each of them separately has a charge 
of the same value. 

Energy of condensers* — ^The energy due to the discharge of 
a condenser has for its value 

1 1 Q2 1 

2 2 C 2 



DYNAMIC ELECTRICITY. 9 

Q being the charge, Y the potential, C the capacity. When Y is expressed 
in volts, C in farads, and Q in coulombs, the energy of the condenser 
in ergs, in kilogramm^tres, or in calories is 

W=-Y2Cergs; 

11 1 7*2331 

W=-Y»CX,;r; r;^tgm. =- Y^C - , ,^ foot-ponnds; 

2 ^OS-IXIO* 2 98*1 X 10* *^ * 

These relations are made nse of in methods of measurement founded 
upon the use of condensers, testing of submarine cables, and the 
magnificent experiments made by M. Oaston Plants with his rheoetatic 
machine. 

Contact electricity. — The contact of two bodies of different 
kinds produces a difference of potential between them. This difference 
of potential varies with the bodies in contact. 

Volta^S lair* — ^The difference of potential between two metals is 
equal to the algebraic sum of the differences of potentials due to the 
contact of the intermediate metals. 

DYNAMIC ELECTRICITY, OR ELECTRICITY IN MOTION 

lAWS OF CUBBSNT8. 

When two points at different potentials are joined by a conductor, 
a flow of electricity passes along the conductor, which joins these two 
points; this flow is called a current, li the points joined by the 
conductor are only connected to bodies charged with a certain quantity 
of electricity, the flow will only last for an instant, and will constitute a 
disehnrge ; if by any means the difference of potential is kept constant a 
true current is obtained ; the cause which produces the current is called 
electnmiotive force, and any apparatus in which it is developed con- 
stitutes a generator of electricity.* The greater or less opposition which 
a conductor opposes to the current is the resistance of the conductor ; the 
strength of the current is equal to the quantity of electricity which 
traverses the conductor in one unit of time. The current is the same at 

* In some text-books it has been called an " electromotor," bat this term at 
the present day means an instrument for converting the energy of an electrio 
current into mechanical work 
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all points of the circuit. The current strength, the electromotive force, 
and the resistance are connected by Ohm's law. 

Ohm^S lanr. — ^The strength of a current is proportional to the 
electromotive force, and inversely proportional to the resistance of the 
circuit. Calling the strength of the current C, the electromotive force 
E, and the resistance B, Ohm's law is thus expressed : 

KirchoflPs laurs* — (1) At every point of junction, that is to 
say, at every point where two or more conductors join, the sum of the 
strengths of the currents is zero, considering the currents which flow 
towards the point as positive (+), and those which flow away from it as 
negative ( — ). 

(2) In every closed system of conductors the sum of the products of 
the current strengths by the resistances is equal to the sum of the electro- 
motive forces, considering those positive which produce an increase of 
potential, and as negative those which produce diminution of potentiaL 

Bosseha^S corollaries.— (l) When in a system of closed 
circuits the strength of the current is zero in one of the branches, the 
current strengths in the other branches are independent of the resistance 
of the conductor in which there is no current. 

This resistance may vary from zero to infinity without affecting the 
rest of the system. 

(2) When two branches, A and B, of a system or network of conductors 
are such that an electromotive force placed in branch A sends no 
current into branch B, the resistance of A may be varied from zero 
to infinity without disturbing the condition of branch B. 

Specific resistance of a substance.— The specific 

resistance of a substance is the value in absolute imits of the resistance 
of a cube of this substance having for side the unit of length; this 
resistance being measured between two opposite faces. 

Conductivity. — This is the reciprocal of resistance. This is very 
little used now in practice except as a means of estimating the relative 
value of electrical conductors. For this purpose the conductivity of pure 
copper at 0® C. is taken as the standard. It is represented by 100 or by 1. 

Resistance of a conductor. — The resistance H of a 
conductor is proportional to its length /, and inversely proportional to its 
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sectional area «, and proportional to the specific resistance a of the sub- 
stance of which it is made. 

-=* 

When the conductor is cylindrical, its resistance is therefore inversely 
proportional to the square of its diameter d. 

Resistance of derived, braneli, parallel, or 

Sillint circuits. — When there are two derived circuits, a and 6, 
their united or reduced resistance R is equal to their product divided by 
their sum. 

When there is any number of circuits, calling their resistances a b e^ 
their united resistance B is equal to the reciprocal of the sum of their 
reciprocals : 

a c 

When the n derived circuits are all of them of the same resutance a, we 
have for their united reeistance the expression 



A battery is an apparatus which produces electricity by chemical 
action, generally by the oxydation of zinc and sometimes of iron. A 
battery reduced to its simplest terms is called a cell or element ; several 
such elements joined together are spoken of usually as a battery. A 
battery, or, rather, a cell, is composed generally of two metallic plates, 
immersed either in one liquid or in two different liquids. The points at 
which the exterior conductors are attached are called poles or electrodes. 
The oxydised plate (generally zinc) forms the negative pole ; the other, 
or reduced plate, the positive pole. By convention we suppose that the 
development of electrical energy produced by chemical action is mani- 
fested under the form of a flow or current of electricity, of which the 
direction is defined by saying that in the external circuit the current 
produced goes from the positive pole (-|-) to the negative pole ( — ^), and in 
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the element itself, from the negative pole to the positive pole. This con- 
vention, which is convenient for the explanation of the phenomena, in 
no way prejudges the real nature of the current, about which up to the 
present time we know nothing. 

In all batteries actually in use zinc is the negative x>ole ; platinum, 
carbon, or copper, the positive pole.* 

Elements are said to be put up for tension or in series, when the 

+ pole of the first is joined to the — pole of the 

second, the + of the second to the — of the third, 

and so on. 

— Elements are said to be put up for quantity, 

for surface, or parallel, when all the positive 

poles of the battery are joined together, and all 

Fig. 2. - Conventional the negative poles together. When they are put 

Representation of a up, so that the e. m. f . of one opposes that of the 

Battery, other, they are said to be put up in opposition. 

Conventional representation of a battery. — ^To 
avoid the repetition of an actual drawing of a battery, the . conventional 
sign represented at the side (Fig. 2) is used in diagrams. The fine lines 
represent the zincs (— ), and the thick lines the coppers (+)• Their 
number sometimes indicates how many elements there are. 

Liaurs of the chemical actions in batteries.— The 

quantity of chemical action, or the quantity of zinc dissolved in a battery, 
is theoretically proportional to the quantity of electricity which it pro- 
duces, and the quantity of chemical action per unit of time is propor- 
tional to the strength of the current. In a battery of elements put up in 
series, the quantity of chemical action is the same in 'each element. 

Constancy of batteries. —The electromotive force of a 
battery depends on the nature of the chemical reactions of the sub- 
stances employed, their concentration and temperature. The internal 
resistance depends on its form and dimensions. It may be diminished by 
bringing the plates near together, and by increasing their dimensions. 
The electromotive force E of a battery, and its internal resistance r, 
are called its constants, A battery is said to be constant when its con- 
stants do not change during its action. 

The polarisation of a battery is the falling off of its electrical energy ; 

* On account of the conventional direction of the current within the 
element, the negative plate is sometiines called the electro-positive plate ; and 
the positive plate, the electro-negative plate. These terms are often met with 
la the older text-books, particularly in discussing the electrical relations n 
different metals aud solutions to each other. 
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it is doe to the deposit of hydrogen on the podtive plate, which increases 
the internal resistance and diminishes the e. m. f . 

The polarisation may be overcome by agitation, blowing air through 
the liquids, the employment of rough battery plates, or by the employ- 
ment of systems in which the gaseous hydrogen is replaced by a deposit of 
solid metal (Daniell's battery), or by the employment of a second liquid 
surrounding the positive plate, capable of combining with the hydrogen 
(Grove's and Bunsen's cells). 

Energ^y of a. battery. — Two batteries may generally be com- 
pared with one another by placing them in analogous conditions of action. 
The most simple method is to measure the strength of the current 
which the element can give when doing its maTrimum work, that is to 
say, with an external circuit equal in resistance to the internal resistance 
of the battery (supposing the battery to be constant) ; calling E and r the 
constants of the elements, we have for Cf» 

Sometimes the value of the maximum available work, Wu, is also given, 
which is calculated (in kgms.) by the formula 

._-- ECm __ E^ 

Wtt— — I — "I • 

This is the maximum useful rate of work of the battery in kilogram- 
metres of electrical energy per second (E in volts, C^ in amperes, r 
in ohms, ^ = 9*81). The total maximum rate of work (W,) is double 
this value:* 

W =- — 

When a battery is working on an external circuit equal to its interna 
resistance, the useful available work in the exterior circuit is equal to 
half the total energy furnished by the chemical action. The efficiency, 
therefore, is 50 per cent. 

Arrang^einent of batteries.— We will suppose that all the 

elements are identical. The constants of one element are, E for e. m. f., 
r for internal resistance. 

♦ These values may be obtainad in foot-pounds per second by the following 
f ormnle : 



2 X 1-35 4f X 1-iS 2r x 135 
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(1) n elements arranged in series behaye like one single element, of 
which the e. m. f . = n E, and the internal resistance = n r. 

(2) n elements put up for quantity or parallel behave like one 
single element of the same e. m. f . E, and of which the internal 

resistances -. 

(3) n elements arranged thus, t in series, q parallel, behave like a 
single element, of which the e. m. f. » ^E, and the internal resistance 

q 

Maximum effect. — ^To obtain the maxinnim effect of n elements on an 
external circuit of resistance R, the internal resistance of the battery 
must be equal to the external resistance H ; that is to say, 

with the condition that the ratio - must be a whole number. The equa- 

9 
tion (1) combined with the equation n ^ tq enables us to calculate the 
values of t and q. The strength C of the current is then 

Q__._JE__^E 
-Jr + B 2B- 

These formulse apply also to continuous current magneto-electrio 
machines, or separately-excited continuous current dynamo machines. 

i^hunted battery : Pollard^s theorem.^Let E and r 

be the constants of a battery. When this battery, which is supposed to 
be constant, is shunted by the resistance s, it behaves like a new battery, of 

which the e. m. f . is — j — and the internal resistance — s— * 

ELEOTEOLYSIS. 

IjaHTS of electrolysis. — Electrolysis is the decomposition of 
liquids, or solutions, produced by a current. Bodies which are thus 
decomposed are called electrolytes. The two poles immersed in the liquid 
to be electrolysed are called electrodes ; that which is connected to the 
positive pole of the battery is the anode ; the other is the cathode. 
Faraday called the bodies produced by electrolysis ions. Those which 
go to the anode are anions, and those which go to the cathode are eathions. 
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Faraday^S lanrs. — An elementary body cannot be an electro- 
lyte. Electrolysis does not take place in solids. The quantity of 
electro-chemical action is the same at all points of a circuit. The 
quantity of an ion liberated from an electrolyte in unit of time is pro- 
portional to the strength of the current. The quantity of an ion liberated 
at an electrode per second is equal to the strength of the current multi- 
plied by the electro-chemical equivalent of the ion, and reciprocally the 
quantily of electricity which has passed through the electrolyte in a 
given time is equal to the weight of the ion which has been liberated, 
divided by the electro-chemical equivalent of the ion. 

The electro-chemical equivalent of a body is the quantity of this 
substance liberated by the passage of a unit quantity of electricity. The 
electro-chemical equivalent is proportional to the chemical equivalent. 

HEATING ACTION OP CUEBENTS. 

Joule^S laHT. — The quantity of heat H disengaged in a conductor 
is projwrtional to the resistance of the conductor, to the square of the 
current strength C, and to the time t during which the current passes. 
We have then 

A 

A being the mechanical equivalent of heat. When combined with 
Ohm*8 law, Joule's law also takes the two following forms : 

E being the difference of potential between the two extremities of the 
resistance B. ^ 

Calling Q the quantity of electricity which traverses a conductor in 
the time ty by Faraday's law Q = C^. Joule's law is also written 
thus: 

H=i<JB. 

Numerical relations. — ^When the current strengths C are expressed in 
amperes,* the electromotive forces E in volts, the resistances in ohms, 
and the quantity of electricity Q in coulombs, the quantity of heat in 
calories (g.-d.) is expressed by 

^ C2B^ QE , . . _. 

^ = 7I^=Ti6^^^^''^-^-^- 

{See Thermo-electricity in Fourth Part.) 

* See Secoud Fart for units of electrical, j 
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"WOEK PBODirCED BY CUBEENTS. 

Joule^S la.1V. — The work W equivalent to the passage of a 
current in a conductor is expressed by 

W= Cmt = 'ECt=z—'t 
B 

By Faraday's law Q = C^. 

Joule*s law may therefore be written thus : 

W = QE. 

Numerical relations,— WhsD. the current strengths C are expressed 
in amperes, the electromotive forces E in volts, the resistances B in 
ohms, and the quantities of electricity Q in coulombs, the work is 
expressed by 

W = 10C2R< = 10EC< = 10 ™ ^ meg-ergs. 
B 

W = Cmt = EC^ = — t watts. 
B 

C2R EC W 

W = T-—t = :rz^l = .> vrr^r^ kUogrammetres. 
9-81 9*81 9-81B ^ 

„, C2R EC E2 ^ ^ 

W ^ ; "—J = r-zzzt ^ , ^.„^ t foot-pounds. 
l-3o6 1-356 1-356B ^ 

The work per second is obtained by making ^ = 1 in the preceding 
equations. 

The work done is obtained in terms of the quantities of electricity 
by these f ormulsB : 

W = lOQE meg-ergs. 

W = QE watts. 

QE 
"W = - ~ kilogrammfetres. 
9*81 

QE 
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Pig. 3.— Galvanic Field. 



Electrical or g^alvanic 4eld«— The space surrounding a 
conductor conveying a current. A gal- 
vanic field is characterised by a kind of 
whirl-form of the lines of force. The 
lines of force are circles concentiio with 
the current; their number is propor- 
tional to its strength. 

In the case of a rectilinear current, 
when we look at the end of khe con- 
ductor at which the current enters (-f-), 
the direction of the lines of force is that 
of the hands of a watch. The lines of 
force of a galvanic field possess the same 

properties as the lines of force of a magnetic field. By considering them, 
Ampere^s laws on the mutual action of currents may be deduced. 

nVag^netic shell. — A closed circular current is analogous to a 
sort of plate magnet or magnetic shell, of which one of the surfaces is 
north and the other south. The following rule enables us to determine 
the polarities of each surface. When, following the usual convention, the 
current circulates in the direction of the hands of a watch, the surface at 
which we are looking constitutes the south pole of the magnetic shell ; on 
the contrary, it is the north pole if the current circulates in the opposite 
direction to the hands of a watch. In the centre of the circular current 
the lines of force are perpendicular to the plane of the current. 

Solenoid* — ^A series of circular currents forms a solenoid. Their 




Fig. 4.— Solenoid. 



reciprocal actions modify the direction of the lines of force, and cause 
them to assume the distribution indicated by the sketch. Thus a solenoid 
is fairly analogous to a magnet, of which the north (marked) pole is that 
at which, when the extremity is looked at, the current circulates in the 
reverse direction to the hands of a watch. 
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ELECTRO'B YNAMICS. 

Mutual action of two currents {Ampere* s laws). ^Two 
parallel currents flowing in the same direction attract each other ; two 
currents flowing in opposite directions repel each other The force 
exerted between two parallel currents is equal to the products of the 
strength of the currents multiplied by their length, and divided by the 
square of their distance. 

Two parts of the same current repel each other. 

Two currents forming an angle with each other attract when they both 
approach or both leave their point of crossing ; they repel each other if one 
of them approaches and the other flows dway from the point of crossing : 
thus they tend to place themselves parallel to each other. A sinuous 
current produces the same effect as a rectilinear current terminating at 
the same extremities. 

Mutual action of tu^o very short currents 

{Ampere's formula). — ^Two very short conductors of lengths ds ds\ con- 
veying currents of current strength ct/,* attract or repel each other in 
the direction of the line joining their centres with a force/. 

c<f dsds' 3 _ 

f = ; — (cos « - o ^^^ * ^^ */• 

r being the distance between their centres, or the angle formed by the 
two short conductors, a and a' the angles made by them in the one case 
with the line joining their centres, and in the other with its prolongation. 

When / is positive an attraction is indicated, when / is negative, a 
repulsion. 

The formula may also be written in the form 

^ cc^dsds'. . , ^1 ^ 

/ = — ' (sm a sm a cos ^ — -: cos a cos oQ, 

Q being the angle between the planes passing through the two short 
conductors, a the line joining their centres. 

BnglUh f<yrmulcu — ^When the current strengths are expressed in 
electro-magnetic units, Ampere's formula is written, 

^ CC'dsdff^ 

f=L ^ 2 COS « - 3 cos o cos a). 

Ji ds dtl and r are expressed in centimetres, and C and C in C.G.S. 
units of current strength, /is given by this formula in dynes (seepage 36). 

* The notation cc' expresses electro-dynamic units, and the notation CO 
electro-magnetic units. The relation between the two is c = V^ C. 
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Ttoo rectilinear parallel cwrents. — If one is of finite length i, and the 
other very long in comparison, and d be the distance between them, 
^ cc'l 

and in electro-magnetic units, 

2CC'l 

•'■" d 
Two plane circuits at right angles at distance d. — One of the circuits is 
fixed and the other free to move. The moment of the couple tending to 
turn the free circuit is, 

JW^ cc' . 

^- d^ ' 
8 and «' being the areas of the circuits, and af the strengths of the 
currents passing through them in electro-dynamic units. The moment is 
given in electro-magnetic units by the formula, 

^ ^^^ — ^ — • 

Action of two coHs of n and n' turns of wire at a distance d. — ^The 
moment of the couple M exerted between the fixed and the movable 
coil is, 

__ nn' ss cc' . 

M = ;_ » 

and in C.G.S. electro-magnetic units, 

,, 2nn' ss' CC . 
■M = » 

ss' being the mean areas of the coils, and d the distance between the 
centres of the coils, which is supposed here to be great as compared with 
their dimensions. 

Action of the earth on currents.— The earth exercises 
a directive action on currents analogous to that which would be produced 
by a continuous current i)a8sing round the equator, and flowing from 
east to west. This hypothetical current also explains the directive action 
of the earth on a magnetised needle. 

Astatic conductors.— Conductors wound one on the othpr so 
as to destroy the directive action of the earth, used in experiments on 
the mutual action of currents. 

Solenoids* — A series of equal circular currents in the same 
direction whose planes are perpendicular to the line passing through the 
centre of aU the circles, whether this line be straight or curved. 
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Properties of solenoids* — A solenoid places itself north 
and south under the action of the earth ; the end at which the current 
circulates in the direction of the hands of a watch points to the south, the 
opposite end to the north. The end which points to the north is the 
north pole (marked pole), the other the south pole. The poles of the same 
name of two solenoids repel each other, the poles of different names 
attract each other ; the same actions are produced between a magnet and 
a solenoid. 

COMPAMSON OP MAGNETS TO SOLENOIDS. 

In order to simplify the explanation of the phenomena we may com- 
pare a magnetised body to a series of juxtaposed files of circular currents, 
or to a bundle of solenoids. Solenoids and ma^ets, then, behave in the 
same way. By replacing a magnet by a solenoid we may explain all the 
actions of magnets one on the other, and of currents on magnets. "We 
may remember the direction of these Ampire^s currents in a magnet by 
remembering that when we look at the marked end (north or austral 
pole), the currents circulate in a contrary direction to the movement of 
the hands of a watch. These currents are sometimes called Ampere's 
molecular currents. 

ELECTJtOMAaNETISM. 

Fundamental principles.— When a current passes through 
a wire placed parallel to a magnetised needle, which is free to move, it 
deflects it through a certain angle which increases with the strength of 
the current. 

Amp^re^s rule for tlie action of currents on a 

magnetised needle. — if we suppose an observer lying on the 
wire which the current passes through, in such a position that the 
current goes in at his feet ; if he looks at the needle, he will see the north, 
austral, or marked pole, of the magnetic needle deflected towards his 
left hand. Supposing the current to have a right and left side, we say 
that the north pole of the magnet is always carried to the left of the 
current. 

Multiplier. — ^When the wire makes several turns round the 
needle the action of the current is multiplied. The system constitutes a 
multiplier. Galvanometers (see Second Part) are applications of the 
principle of the multiplier. 

The deflection produced by a current on a magnetic needle is 
independent of the magnetic intensity of the needle. When a circular 
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current placed in the magnetic meridian deflects a magnetised needle, the 
length of which is infinitely small in proportion to the diameter of the 
circle, the strength of the current is proportional to the tangent of the 
angle of deflection (^IFeber), This is the principle of the tangent 
galvanometer. When the coils are turned so that the needle is agam 
parallel to the turns of wire the strength of the current is proportional to 
the sine of the angle through which the coil is turned ; here the law is 
strictly followed, whatever may be the dimensions of the needle and the 
form of the coil. This is the principle of the sine galvanometer. 

dectro-mag^net* — By introducing a bar of iron into a solenoid 
the lines of force developed by a current traverse the bar, and transform 
it into an electro-magnet, of which the power depends upon the strength 
of the current, the number of turns in the solenoid, etc. These magnetic 
properties last as long as the current is passing, and cease immediately it 
is interrupted. 

Action of a mag^net on a magnetic siiell.— It is 

easy to foresee the reciprocal action of a magnet and a circular current by 
referring to the properties of the lines of force. All possible cases are 
comprised in an elegant rule due to Clerk Maxwell. 

Clerk MaxU^ell^S rule* — ^When a magnet is in the presence 
of a circuit, each i>ortion of the circuit acts upon the magnet in such a 
direction as would cause the magnet, were it free to move, to take up the 
position in which the greatest possible number of its lines of force would 
be embraced by the circuit. From this rule it follows that if a magnet is 
free to move there will be movement, attraction, or repulsion, according 
to the relative position of the lines of force. This rule leads us rapidly to 
the phenomena of induction, and we are now in a position to undertake 
their investigation, if what has gone before has been well understood. 

Action of a sliort conductor conveying: a cur^ 
rent on a mag^net pole (Amphe^s formula),— Let ds be the 
length of the conductor, m the intensity of the pole, r the distance 
between the pole and the conductor, C the strength of the current. 

* Direction. — The force exerted between the conductor and the pole is 
in a direction normal to the plane passing through the pole and the 
conductor. 

If we imagine an observer lying in the conductor so that the current 
enters at his feet and so that he looks towards the pole, the pole will be 
urged from his right to his left if it be a north pole, and from his left to 
his light if it be a iotUk pole. 
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Magnitude. — The force/ exerted is given by this equation, 
m C cto sin g 

It is proportional to the intensity of the pole, to the current strength, 
and to the length of the conductor, and inversely proportional to the 
square of the distance between the pole and the conductor. 

Oalvanie field. — ^We have ahready stated that the space sur- 
rounding a conductor conveying a current is called a galvanic field. It 
is characterised by lines of force analogous to those of a magnetic field, 
but which are only in existence whilst the current is passing. 

The galvanic field produced at any point is defined by the direction 
and magnitude of the force exerted on a unit north pole placed at the 
point. 

In the case of a circuit of given form the field is determined by the 
resultant of all the actions of the circuit split up into infinitely short 
elements. When the circuit is of some simple geometrical form the field 
produced by it can be easily determined. We will give the formula; for 
the simpler and more imx)ortant forms. 

Arc of a circle. — ^Let Z be its length, and r its radius, and C the 
strength of the current ; the intensity of the field at its centre will be, 

f=^' 

The force is perpendicular to the plane passing through the arc and 

its centre. 

Circle. 

2irC 

r 
Circle of n turns of wire. — Calling the mean radius r, 
2irwC 
/ r 

Intensity of the field produced by a circle of radius r on the perpen- 
dicular to its plane, passing through its centre at a distance df 

_2xCr2_ 

Putting wr^=z S (area of circle of radius r) and r^ + d^ = p^ wo get, 
2CS 
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9olenoi4L— Intensity of the field on the aacw.— Let n be the number 
of turns of wire, r the radius, and 21 the length of the solenoid, and a the 
distance of the point M on the axis from the nearest end of the solenoid ; 
then, 




Pig. 5.— Solencid. 
■KftC / o + 2? a \ 

Calling the angle AMO <p, and the angle BMO <p', 

"KnO . , .,. 

f-zz — (cos <p - cos ^ ;. 

Intensity of the field at the centre.— The intensity of the field is at a 
m«-Tini nTn at this point, 

2irnC 



Calling the diagonal of the solenoid 2d, 
2jtnC 
d 



f = 



Intensity of the field produced by an infinitely long rectilinear current. 
-Let r be the distance of the point under consideration from the current, 



/= 



2c 



Intensity of the field produced by a plane closed circuit.— Firsty at a 
point on the normal passing through the centre of gravity of the area of 
the closed circuit, and at distance d, 

2SC 



/=- 



d^ 



8 being the area of the circuit. 
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Second, at a point in the plane of the circuit at distance d from its 
centre, 

IfTagfnetlsatloIi by carrentS.— A wire traversed by a 
current possesses temporary magnetic properties. When an insulated 
wire is wound a great number of times round a piece of soft iron, the 
passage of a current develops a powerful magnetisation, which ceases 
when the current is interrupted, if the iron is very soft. This is an 
electro-magnet, of which the power varies with the dimensions, the 
strength of the current, and the number of turns of wire, etc. {See Fourth 
Part) When the iron is not i)erfectly soft, it retains some residuary 
magnetism when the current is interrupted. 

Ritle for finding the poles of an electro-magnet. 

— When a current passes through the wire of the electro-magnet, if we 
look at the end of each pole, the south pole is that one at which the 
current circulates in the direction of the hands of a watch, and the north 
pole (marked pole) that at which the current circulates in the reverse 
direction. This is in accordance with Ampere's hypothesis of molecular 
currents. 

INDUCTION, 

Every relative displacement of a conductor and a magnetic or galvanic 
field produces an electromotive force in the conductor, and if the con- 
ductor form part of a closed circuit, an induced current is set up in it in 
consequence. 

A magnet producing a magnetic field is in this case called a field 
magnet i and a circuit producing a galvanic field is called 9. primai'y circuit. 
The conductor in which the current is induced is called an armature if 
the induction be produced by a magnet, and a secondary circuit if the 
induction be produced by a current. Induced currents may be produced 
either by relative mechanical displacement of the inducing field and the 
conductor (magneto- and dynamo-electric machineS) orhj variatimi of the 
galvanic field produced by the current passing through the primary 
circuit (induction coils). The induction of a current on its own con- 
ductor is called self-indiuctiony and the current induced in a conductor by 
making or breaking circuit is called the extra currefit. • * 

Induction produced- in a rectilinear circuit 
displaced parallel to itself in a ilniform mag- 
netic Ael^— Electromotive force of indtLction. — ^Let e be the e. m. f . 
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due to induction, H the intensity of the magnetic field, I the length of 
the rectilinear circuit, v its velocity, a the angle made by the conductor 
with the direction of the lines of force, f the angle between the direction 
of motion and the direction of the force exerted between the magnet 
field and the circuit ; then, 

e = H^^ sin a cos ^. 
If the conductor be moved in the direction of the force, 

^ = .'. cos^zrl, 

and 

e =: 'H.lv sin a. 

Energy of induction. — Let t be the time in which the displacement 
takes place, and W the energy of induction, 

H^r^yggsinggcosg^^ 
^- R ' 

It being the total resistance of the circuit. 

Direction of the induced current, — ^If we imagine an observer to be 
lying in the field so that the lines of force pass in at his feet, and facing 
in the direction of the movement of the conductor, the current produced 
would pass from his left to his right. 

Induction In a closed circuit. — ^When the whole circuit 

is movedf if there be no variation in the number of lines of force included 
in the area enclosed by the conductor forming the circuit during its 
displacement, there is no induced current, because the e. m. f . developed 
in each element of the circuit at any given moment is balanced by an 
equal e. m. f . of oppo^te sign developed at the same moment in the 
symmetrically corresponding element. 

When the number of lines of force included by the circuit varies, the 
current produced can be easily deduced from Maxwell's law. When the 
displacement is such that the circuit tends to include a greater number of 
- lines of force the induced current is in the inverse direction to that of a 
current which, if passing through the circuit, would produce motion in 
that direction. When the displacement is such as to cause the circuit to 
include a smaller number of lines of force, the induced current is direct, 
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that is to say, is in the same direction as a current which would produce 
motion of the circuit in that direction. 

Take, for example, a simple case, that of a magnet situated perpendi- 
cularly to a at a certain distance from a current passing through a con- 
ductor bent into the form of a circle. 

In order that the magnet may be attracted in the position represented 
in the figure, i,e, in order that the magnet may be displaced in the 
direction indicated by the dotted arrow, a current must circulate in the 
conductor in the direction shown by the full line arrows. If the magnet 
be displaced by an exteifud mechanical force in the direction shown by 
the dotted arrow, it may be observed, by means of a galvanometer G, that 
the current induced is in the inverte direction to that which would 

produce this displacement of the magnet. 
This induced current is produced be- 
cause the circuit tends to include a 
larger number of lines of force. In the 
same way it may be observed that when 
the circuit tends to exclude a smaller 
number of lines of force, *.c. when the 
circuit and magnet are separated, the 
induced current is direct, i.e, in the same 
direction as the current which, passing 
through the circuit, would tend to pro- 
duce the same movement. 
It may thus be seen that the terms direct and inverse are relative : a 
direct current is produced by a diminution in the number of lines of force 
included by the circuit, and an inverse current by an increase in the 
number of lines of force. The strength of the induced current depends 
on the number of lines of force passed over by the circuit at each instant, 
i.e. it increases with the power of the magnet and the velocity of the 
displacement. If the circuit has an independent current passing 
through it, the induced current increases or diminishes it according as it 
is direct or inverse. It may be deduced directly from MaxwelPs law, 
that a magnet approaching a circuit produces an inverse current, and a 
magnet receding from a circuit a direct current. A current approaching 
a circuit, beginning to fiow, or increasing in strength, produces an inverse 
current ; a current receding, ceasing to flow, or diminishing in strength, 
produces a direct current. 

ItOW ofinduced currents* — The general laws of induction 
are surmned up in the following table, and expressed in accordance with 
the doctrine of the conservation of energy, by Lenz's law : 




Fig. 6.— Induction. 
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Ibductor. 


CUKbXKT. 


DiBSCT Ihdvcxd 

CuaBSNT. 


A magnet 


Approachiug. 




A current 


rApproachii'g. 
] Beginning. 
Cincreasing in strength. 


rBeceding. 
CDimuShing in etrengtb 



JExtra current* — The induced current produced by the induc- 
tion of a current upon itself is called an extra current. The closing of 
the circuit produces an inverse extra current ; the breaking of a circuit, a 
direct extra current. 

Influence of extra currents on induced currents, 

— ^A current which is commencing being resisted by the inverse extra 
current, develops an induced inverse current, which lasts for some little 
time, and is of little strength. A current which is interrupted develops 
a direct induced current, of short duration, but of considerable strength. 
The quantity of electricity produced in each case is the same, the currents 
only differ by the length of time for which they last. 

Induction coils, magneto-electric generators, and magneto-telephone 
transmitters are the most important applications of the phenomena of 
induction. 

liCnz^S laUT* — When a circuit is moved in the presence of a 
current or magnet, or a magnet is moved in the presence of a current, 
the induced current is such that it tends to stop the movement. 



Corollaries from IjCUZ^S laur*— In a circuit under the 
influence of induction, or secondary circuit, the strength of the current 
developed is proportional to the strength of the current in the primary 
circuit. The electromotive force developed in a coil by the induction of a 
magnet is, other conditions remaining the same, proportional to the number 
of turns of the wire. It is independent of the diameter of the coil and the 
conductivity of the wire, but for the same number of turns of wire the 
strength of the current is inversely proportional to the resistance of the 
wire, and consequently inversely proportional to the diameter of the coil. 
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Conservatioii of energy In induction.— Lenz's law, 
by its completeness and simplicity, unites the reciprocal action of magnets 
and currents to the principle of conservation of energy in a striking 
manner, by stating that the current induced in each case tends to resist 
the corresponding mechanical motion. Mechanical generators of electricity 
and electromotors are striking confirmations of this truth. In both a 
quantity of mechanical work expended or produced always corresponds 
to an equivalent quantity of electrical energy produced or absorbed. 
Electrical energy is therefore like heat, a mode of motion of which the 
real nature is unknown, but its manifold tranrformations prove that 
it does not lie outside of the great principle of the unity of the physical 
fm'ces. 
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Most of the quantities which have to be dealt with in physical science 
may be expressed in terms of three units, which are called fundamental 
units. All the others are deduced from them by definition, and are 
called derived units. In theory the three fundamental units may be any 
arbitrary length, mass, and time ; in practice, in the system established by 
the British Association, and adopted by the International Ck>ngres8 of 
Electricians in 1881, the three following units have been chosen : 

Centimetre. — ^Unit of length. 
Gramme.— Unit of mass. 
Second.— Unit of time. 

The system of units based on these three fundamental units is called the 
eentimhtre ' gramme ' second system, or, by abbreviation, the C. G. S. 
system. 

Fandamental milts*— The three fundamental units are 
expressed by symbols : L for the unit of length, M for the unit of mass, 
T for the unit of time. These are their definitions : 

Unit of length. — The C. G. S. unit of length, or centimetre, is equal to 
the one hundredth part of a m&tre. The metre is the ten millionth part 
of the quarter of the terrestrial meridian.* 

The practical unit of length is represented by copies of the standard 
m^tre deposited at the Observatory of Paris. 

Unit of mass, — ^The C. G. S. unit of mass is the gramme, which is the 
mass of one cubic centimetre of distilled water at the temperature of 4^ C. 

The practical unit of mass is represented by the mass of the thousandth 
. part of the standard kilogramme deposited at the Observatory of Paris. 

Unit of time, — ^The C. G. S. unit of time is the second, defined as the 
1 



86,400 



part of the mean day ; this is the only unit which at the present 



* This is the value which it wms intended to hare, bnt owing to errors in the 
measnxement ef the quadrant of the meridian it does not represent this value. 



30 UNITS OP MEASUREMENT. 

day is universally employed ; the only one for which we need give no 
tables of reduction. 

1 minvU — 00 seoondB. 

1 hour = 60 minntea = 36,000 Beoonds. 

1 day = 24 hours = 1,440 minates = 86,400 seconds. 

Multiples and siib«iniiltiples« — ^As the units adopted are 
found to be sometimes too large, sometimes too small, for practical 
purposes, multiples and sub>multiples have been established, which repre- 
sent the decimal multiples, or decimal fractions of these units, and thus 
the inconvenience of having to write large numbers and large fractions is 
avoided. These multiples or sub-multiples are indicated by prejixe*. 
The following is the nomenclature : 

Mdltiplxs . . Mega or meg represents ... . 1,000,000 nnits. 

Mfiria 10,003 „ 

Kilo 1,000 „ 

Hecto 103 „ 

Deca 10 „ 

Unity. 

SuB-MuLTiPLBS. Deci represents . . -^ of « unit. 

CenH ,-L M 

100 

MOli -1- 

1,00 

Micro or micr I — -1 ^ ^ „ 

1,oOj,000 

Thus, for example, a megohm represents a million ohms ; a milliampjre 
the thousandth part of an ampere, etc. 

Decimal notation or exponent.— Instead of using the 

multiples or sub-multiples, a number is sometimes expressed by con- 
sidering it as the product of two factors, of which one is a multiple of 10. 
The exponent of the power of 10 is the characteristic of the decimal 
logarithm of this number ; for fractions the exponent is negative. Thus, 
for example, the number 469,000,000 would be written 469 xlO^ or 
46-9X107, and the fraction -0000459 would be written 469X10-7 or 
•469X10-*. 

The exponent indicates how many places the decimal point must be 
displaced to the right for positive exponents, and to the left for negative 
exponents, in order to write the whole number or the fraction in the 
usual notation. 
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I>iineilSioIiS of milts*— All the physical units may be deduced 
from the three fundamental units, of which the symbols are L, M, and T. 
The relation which unites a derived unit to one or more of the fundamental 
units is called the dimension of the unit. Thus, for example, a unit of 
surface is equal to a square described on the unit of length. The unit of 
volume is equal to a cube the side of each face of which is one unit of 
length ; the respective dimensions of these units are L^ and Ifi. We will 
give the dimensions of each derived unit in terms of the fundamental 
units of the C. G. S. system. 

I^erived units* — ^There are a great number of derived units. In 
order to facilitate their examination, we will divide them into five 
groups: (1) G^metrical units; (2) mechanical units; (3) magnetic 
units ; (4) electrical units ; (5) various other units not included in the 
first four groups, and whi6h are in constant use in the application of 
electricity. 

1. GEOMETEICAL UNITS. 

There are three geometrical units, one fundamental unit (that of 
length) and two derived units (unit of area and unit of volume). In 
tables farther on (pages 37 to 39) will be found the relations between the 
geometrical units of the C. G. S. system and the units still in use in 
different countries. 

C* O* S* unit of leng^ll* — The centimetre, which has already 
been defined. 

C* O* S* unit of area is the square centimetre; it is the area of 
a square of one centimetre side. In practice use is made according to 
circumstances of the square millimetre, of the square centimetre, of the 
square metre, of the hectare, or of the square kilometre. The dimensions 
of the unit of area are [L^]. 

C* O* S* unit of volume* — The cubic centimetre ; it is the 
volimie of a cube one centimetre in side. In practice, according to circum- 
stances, the cubic millimetre, cubic centimetre, cubic decimetre, or litre 
and cubic metre {see table, page 34), are used. The dimensions of the 
unit of volume are [L^]. 

Units of leng^ll* — ^Besides the units of length which are to be 
found in the table on page 33, the following units are sometimes em- 
ployed : 

Bept. Mech. Sng, 
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In Englaiid : 

1 fathom s 2 yards. 

1 furlong = lof amile = 220yard«. 

1 mil = ~1- of an inch = '00254 cm. 

l.OUO 

In France : 

The myriam^tre = 10.030 metres. 

The lieue terrestre . . . . =4,000 „ (little used). 

The mille marin (nautical mile) or itnot . = 1,852 „ 

At sea they also use 
The hrawe ... . = 5 feet = 1*624 metres. 

NcBud = A^ of a mille marin = 15*436 ,, 

New encdhlure . . ' = 200 „ 

Each knot of the log-line run out in the 30 seconds of the sand-glass, 
or in 120th part of an hour, corresponds to the speed of one mille marin 
per hour. Thus, 9 knots run out in 30 seconds indicate a speed of 
9 milles or 3 Ueues marines per hour. 

In microscopy, the micron (plural micro) is used, which is equal to 
one-millionth of a metre. 

In Germany the metric system has been official since the 1st January, 
1872. 

The millimHre is called Strich. 

The centimetre HeMxoll, 

Themfetre Stah. 

The decimetre Ke'U. 

In Austria the metric system has been compulsory since 1876. 

In Russia the unit is the sagene, equal to 2*13356143 metres. The 
sagene is 3 archines, 7 feet, 48 verschocks, 84 duimes (or inches), 840 
linia (lines) ; a viersta (verst) = 600 sagenes = 1066*78 metres. 

Units of area and volume. 

In Germany: 

The square m^tre is callel Quodratstob. 

The cubic mUre „ KuhHaiah. 

The hectolitre „ Fans. 

The litre „ Kanne, 

In England the square mile = 2*d9' square kilometres, or one square 
kilometre = '386 square mile« 
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TTNITS OP AREA. 



NAME OF UNIT. 


Squabs 

ClKTI- 
M^TBB. 


Square 


Square 
Inch. 


Square 
Foot. 


Square csHTiMkTBK . . 
Square m^tre 

Square inch 

Square foot 

Square yard 


1 

10,003 

6-4516 
929-01 
8861-09 


•0001 

1 

•00064516 
•0929 
•8361 


•15501 
1&501 

1 

144 
1296 


•001764 
10764 

•00694 

1 
9 



2. XECHAKICAL UNITS. 

Those of Telocity, acceleration, force, and work. These are their de- 
finitions: 

The C. O. S. nnlt of velocity,— That of a body moving 
in a straight line with a uniform motion, and passing over one centimetre 
in one second. Its dimensions are f^l or [L T-i]. In practice velocity 

is expressed according to drcmnstances, in metres per second, in metres 
per minute, or in kilometres per hour, or in feet per second, or miles per 
hour. 

The €• 0« 8. unit of acceleration,— That of a hody 
of which the velocity increases one centimetre per second. The accelera- 
tion of a body falling freely in vacuo under the action of gravity is 
represented by g. 

Its value varies with the latitude of the place, and the height of the 
point above the level of the sea. The relation between the value of ff and 
the length / of the seconds pendulum is ^ ~ itV. 

The table on page 36 gives the values of / and ff in centimetres for the 
most important places on the globe. The difference between the greatest 

of the mean value. In all tables we have 



and least value of ^ is j^g 
taken ff = 981 centimetres, 
ration axe [^] or [L T-^]. 



The dimensions of the unit of accele- 



Dept. Mech. Mn^ 
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YALTTBg OF THE ACCELERATION DUE TO GbAVITT AND THE LeNOTH OF THE 

Seconds Pendulum (Everett). 



LTITUDE. 


9- 


% 6 


9781 


45 


980-61 


48 9 


980-88 


48 50 


980-94 


51 29 


981-17 


5132 


981-17 


52 30 


981-25 


63 21 


981-32 


53 29 


981-34 


54 36 


981-43 


65 37 


981-54 


67 9 


981-64 


90 


983-11 



Equator . . 
Latitude 45<> 

Munich . . 

Paris . . . 

Greenwich . 

Gottingen . 

Berlin . . . 

Dublin . . 

Manchester . 

Belfast . . 

Edinburgh . 
Aberdeen 

Pole . . . 



J-103 

J-356 

»-384 

)-39 

)-413 

)-414 

)-422 

)-429 

)-430 

»-440 

)-451 

)-466 

)-61 



g and I are giren in centimetres. To reduce this table to feet divide by 
30-4797. 

The €• O. S« nnlt of force is called a dytie. It is the force 
which, acting on a mass of 1 gramme for 1 second, gives it a velocity 
of 1 centimetre per second. The dimensions of the unit of force are 

[^]or[MLT^. 

The C. G. S. imit of force, or dyne, which is indisx)en8able for the 
establishment of electrical units, is not yet employed in practice ; forces 
are generally expressed as in terms of weights. It is thus important to 
establish the relations which unite the C. G. S. unit of force, or dyne^ 
to the practical imit, or weight of the gramme. When a body falls in 
vacuo gravity imparts to it at the end of one second a velocity equal to 
g centimetres per second. As forces are proportional to accelerations, the 
force which acts on a imit of mass imder the influence of the earth's 
gravity is therefore g dynes. The force which acts upon the mass of 
one gramme, that is to say, the weight of one gramme being g dynes, 

the dyne is therefore equal to - gramme. Adopting the number 981 as 

the value of g, which corresponds to middle latitudes (about 60°) the 
weight of a gramme is equal to 981 dynes, and the dyne is equal 

of the weight of one gramme. The weight of a gramme 



to 



981 



varies with the latitude, whilst the mass of 
quantity. 



a gramme is a constant 
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Unit of Hrelg^llt. — The practical unit is the weight of a gramme 
or the force necessary to support in vacuo 1 cubic centimetre of distlQed 
water at a temperature of 4*^ C. The table on page 38 shows the relation 
between the different units of force and weight employed in France and 
in England, taking 981 as the value of ff. 
In France they still use sometimes 

The carat for diamonds = 205*5 milh'grammes. 

The livre = 500 grammes. 

The qvi/ntal metrique = 50 kilogrammes. 

The tonne or tonneau = 1000 kilogrammes. 

In Glermany the unit of weight is the kilogramme ^ 2 livres 
{2pfund8). 

The d^cagram^e is caDed netUoth^ 50 kilogrammes centner, and the 
half kQognunme^M/}^/ 1,000 kilogrammes tonne. 

In Bussia the unit is the commercial pound (1 founte ^ 409*511663 
grammes) ; it contains 

16 onces, 32 loths, 96 zolotoicks, 9,216 dolis. 

Poude := 40 Hvres. 

Berkowetz = 10 poudes ^ 400 livres. 

Sea-ton = 6 Berkowetz =: 982*5 kilogrammes. 

The €• 0« S. unit of i¥ork or energy is called the 
erg ; it is the work produced by a force of 1 dyne acting over a distance 
of 1 centimetre; it may be called the centimetre-dyne. It has not 
yet been employed in practice, but gramme-centimetres, grammetres, 
kilogramm&tres, and foot-pounds are used. The kilogrammetre is the 
work produced by a weight of 1 kilogramme falling from a height 

of 1 m&tre. The dimensions of a imit of work are I -^H or [MI/ T~*]. 

The tables on pages 38, 39, show the relations between the different 
units of work used in practice. 

In gunnery sometimes the ton metre (which is equal to 1,000 kilo- 
grammetres) or the foot-ton is used. 

Eng^isll horse-power.— The horse-power is equal to 550 
foot-pounds per second, 33,000 per minute, 1,980,000 per hour. 

Frencll Clieval-vapeiir.— The French unit of work pro- 
duced or expanded by engines per unit of time. It is equal to 75 
kilogramm^tres per second, or 542*4825 foot-poimds per second. We 
may say indifferently that an engine produces 10 chevaux-vapeur, or 
750 kilogramm^tres, per second. 
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These are the respective values of the English horse-power, and the 
French cheval-vapenr. 

1 horse-power = 75'9 kUogrammbtres per second. 

= 7,460 meg-srgs per second. 

= 660 foot-pounds per second. 

= 1*0139 cKeval-vapeur. ^ 
1 chevaUva'peur . . . . = 75 kilogiamm^tres pw second. 

= 7,360 meg-ergs per second. 

= 542'4825 foot-ponnds per second. 

= '9863 horse-power. . 

Hour horse-pow^er and cbeval beure.— Units 

employed in testing ^accmnulators. These are true units of work (the 
horse-power and cheval-vapeur are units of activity or rate of doing 
work). The nomenclature is bad, but is too firmly established to be at 
once abolished. They represent the quantity of energy given by a horse- 
power, or cheval-vapeur, in one hour. 

1 hoar horse-power . . . . = 75*9 x 3,600 kilogrammbtres. 

= 7,460 X 3,600 meg-ergs. 

= 650 X 3,600 foot-pounds. 

= 1'0I39 cheval heure. . 

= 75 X 3,600 kilogrammbtres. 

= 7,360 X 3,600 meg-ergs. 

= 542*4825 x 3,600 foot-pounds. 

= '9863 hour horse-power^ 

li¥a,tt- or VOlti-ampire* — A unit proposed to the British 
Association in 1882 by Sir "William Siemens, and employed in some recent 
works. It is the activity or rate of doing wotk of one ampdre multiplied 
by one volt. 



1 cheTal heure . 



1 tDOtt 

1 7ior««-p(np«r . 



^;^ kilogranun^tre per second. 
746 watts. 



1 clieval vapeur = 736 watts. 



3. MAGNETIC UNITS. 

These units are not yet very much employed in practice. Their 
purpose is principally to serve as links between the geometrical and 
mechanical units, and the electro-magnetic units which we will define a 
little later on. 

IJnit magnetic pole* — ^A magnetic pole, whose intensity is 
equal to 1 G. G. S. unit, is that which repels a similar pole placed at a 
distance of 1 centimetre, with a force of 1 dyne. It has no special name ; 
its dimensions are [m^L^T"* ] • 
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llnit ol intensity of a mai^etie field.— The intensity 
of a magnetic field is measured by the force which it exerts on a magnetic 
pole of oixe unit intensity. The intensity of a magnetic field is equal to 
one 0. G. S. unit, when the force which acts on a unit magnetic pole in 
this field is equal to one dyne. Its dimensions are [m^L~^T~^ ] • 

ELECTBICAL UNITS. 

There are two systems of electrical units derived from the funda- 
mental G. G. 8. units. The first, called the electrostatic system, based 
upon the forces exerted between two quantities of electricity. The second, 
called the electrO'tnagnetic, based on the forces exerted between two 
magnetic poles. The first has a purely scientific interest, whilst the 
second has formed the basis for the electrical units adopted by the 
Congress of Electricians held at Paris in 1871. It is the one used in this 
work. 

4. ELEOTBO-MAGNimO TTNITS. 

€• O. S. niiitS«— Practical units.— There are five electro- 
magnetic units in the 0. G. S. system ; they are deduced from the funda- 
mental, geometrical, mechanical, and magnetic units, by the definitions 
which we are about to point out ; but as their employment would lead 
to the use of too large or too small numbers, units have been adopted in 
practice, which are decimal multiples, or sub-multiples of the 0. G. S. 
units, and to avoid confusion, these practical units have now special 
names to distinguish them frpm the C. G. S. units. The following table 
shows the relations between the 0. G. S. units and the corresponding 
practical imits, the symbols which represent them, and the dimensions 
of each unit in terms of the fundamental units : 

TABLE OP ELECTEO-MAGNETIC UNITS. 





1 


Nake of 
Pbactical UNrr. 


NlTHBEIt OF 

C.G.S. Uwrrs 
IN ovx Prac- 
tical TJsriT. 


Dimensions 
OF Unit. 




B 


Ohm. 


109 


LT-i 


Electromotive force 


E 


Volt. 


108 


M*L*T ' 


Current strength . 


C 


Amp^e. 


10-1 


M*L*T-^ 


Quantity .... 


Q 


Covlomb. 


10-1 


M^L* 


Capacity .... 


c 


Farad. 


io-« 


L-iT« 
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Before giving the relative values of the different electrical units em- 
ployed by electricians, we will define the C. G. S. units which are now 
used, as well as the practical units which have been deduced from them. 

Ilnit Of' current Stren§th«— A current has a strength equal 
to one C. G. S. unit if, when it passes through a circuit one centimetre long, 
bent into the form of an arc of a circle of one centimetre radius, it exerts 
a force of one dyne on a unit magnet pole placed at the centre of the 
circle. The practical unit of current strength is called the ampere, and 
is e^ual to lO-i C. G. S. units. (It is the old Weber per second often 
called the Weber.) 

Ilnit Of quantity.— The C. G. S. unit is the quantity of elec- 
tricity which passes through a circuit in one second when the strength 
of the current is equal to one 0. G. S. unit. The practical unit of 
quantity is called a coulomb^ and is equal to 10"' C. G. S. units. {This 
is the old Weber.) 

Unit of electromotive force.— When a certain quantity Q 
of electricity traverses a conductor under the influence of an electro- 
motive force E, the work produced is equal to the product QE. This 
being so, the C. G. S. unit of electromotive force is that which is 
necessary in order that a unit of quantity may develop one 0. G. S. unit of 
work, or one erg. The practical unit of electromotive force is called the 
voU ; it is equal to 10^ C. G. S. units. 

Unit of resistance. — A conductor has a resistance equal to one 
C. G. S. unit when unit e. m. f. (or, more correctly, unit difference of 
potential) between its two ends causes a unit of current to pass through it. 

The practical unit of resistance is called the ohm ; it is equal to 10' 

E 
C. G. S. units. Ohm's law C= ^ establishes the relation between these 

three practical units of current strength, e. m. f ., and resistance, which 
may be written 

, 1 volt 

1 ampere = , -; — 
1 ohm 

Unit of capacity. — A condenser has a capacity equal to one 
C. G. S. unit, if, when charged to a potential of one C. G. S. unit, it contains 
a quantity of electricity equal to one C. G. S. unit. The practical unit of 
capacity is called a farad; it is equal to 10"* 0. G. S. units. As even the 
farad is too large a quantity for practical purposes, the micro-farad is 
most commonly used, of which the value is equal to 10~^* C. G. S. unit, op 
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in~^ farad. A condenser of one micro-farad charged to the potential of 
one volt contains a quantity of electricity equal to one micro-coulomb. 
Before the labours of the British Association, and the sanction given to 
them by the International Congress of Electricians, which will have the 
effect of soon rendering the employment of these practical units which we 
have just described universal, many physicists, working upon bases not so 
well co-ordinated as those of the British Association, employed certain 
units which are falling out of use, but which may still often be found in 
many original treatises and memoirs. We will bring the most important 
of these units together in the form of synoptic tables, giving to each of 
them their values in terms of the units of the Congress of 1S81. 

OOMPABISON OF ELEGTBICAX ITNITS EHPLOTED BT DIFFEBENT 
PHYSICISTS. 

llnitS of resistance. — The practical unit adopted by the 
Congress is called the oAm, and is equal to 10^ C. G. S. units : that is its 
theoretical value. In practice, the ohm is represented by standards con- 
structed by the British Association in 1864, and of which the value is 
about 10^ C. G. S. units. Numerous verifications of the standard established 
by the British Association have shown that the difference between the 
real value of the standard and its theoretical value is about 1 per cent.* 

To obtain the value of the ohm more exactly, the Congress has de- 
cided that the practical unit of resistance should be represented by a 
column of mercury of one square millimdtre section, at a temi)erature of 
0^ C, and that an International Commission should be appointed to 
determine exactly the length of this column of mercury. The Conference 
which met at Paris in the month of October, 1882, was adjourned to th* 
month of October, 1883, to definitely establish the true value of the ohm. 
We must, for the present, accept the ohm of the British Association, and 
it is this value to which we reduce that of all the other units. It will be 
easy, later on, to reduce these figures to the value of the ohm of the 
Congress by multiplying them by a coefBcient. 

The next table (page 45) gives the relative values of the units of re- 
sistance used by different physicists. 

1 and 2. English units, now abandoned, based on the English foot 
and second. 

* The most recent experiments made by Lord Bayleigh and Mrs. H. Sidgwick 
('* Proceedings of the Boyal Socety," of April, lb82) have given : 

1 ohm or B. A. unit = -98651 x 1G» C. G. S. nnits. 
Then, • 

One Siemens unit = '94130 x 10» C. G. S. nnits. 
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3. JacobVs unit, — ^The resistance of a certain copper wire 25 feet long, 
and weighing 345 grains. 

4. Weber's absolute unit, based on the m^tre and the second. 

5. Siemens* unit, represented by the resistance of a column of mercury 
one m^tre long and of a square millimetre section at 0** 0, 

6. British Association unit, or ohm. 

7. 8, and 9. Units constructed by JDigney, Breffuety and ttie Adminis- 
tration Suisse, represented by the resistance of an iron wire one kilo- 
metre long and four millimetres diameter, at an unknown temperature. 

10. Matthiessen's unit. — ^A standard nule of pure annealed copper wire 
i- inch diameter, at a temperature of 15*5^ C. 

11. Varlet/*s unit. — ^A standard mile of a special copper wire ^ inch 
in diameter. 

12. One German mile (8,238 yards) of iron wire ^ inch diameter. 

Out of these twelve units of resistance, only the ohm and the Siemens 
unit are now used. In France the kilometre of telegraphic wire also 
tends to disappear, and give place to the ohm. 

Unit of electromotiire force.— There is no standard of 
e. m. f . in existence which gives exactly one volt. Experimenters often 
express electromotive forces by taking the battery which they use as a 
standard. Amongst the standards which are most commonly used are : 

T)ie Daniell element, which, put up under certain conditions, has an 
e. m. f. of 1*079 volts. 

The Bunsen element can only be used for rough measurements. 

Latimer Clark's standard cell is very constant when it is on open 
circuit ; its e. m. f. is 1*457 volts. 

OaugainU thermo-electric unit, represented by the symbol |^j\^ , is 

the e. m. f. of a thermo-electric bismuth-copi)er element of which the 
junctions are maintained at the temperatures of 0^ and 100^. It is no 

longer employed. Its value also is very small, -3= of a Daniell, or rrr^^ of 

a volt. 

llnitS of current Stren§tli« — The greater part of practical 
units of current strength are based on electrolytic actions ; those which 
have been most used up to the present time are : 

JacobVs unit. — ^A continuous and constant current producing one 
cubic centimetre of mixed gas per second in a voltmeter at temperature 
0"* C, and pressure 760 millimetres of mercury. 
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The unity g. ^ -77, indicated in Germany by the symbol "^^ ,ifl 

the strength of the current produced by aDaniell element in a circuit, the 
total resistance of which is one Siemens unit; this current deposits 
1*38 i^nunmes of copper per hour. 

Atomic current. — A unit employed in Germany. The strength of a 
current which, passing through a voltmeter for twenty-four hours, or 
86,400 seconds, disengages one gramme of hydrogen. 

In telegraphy the milliatom has been used, comparable to the milli- 
amp^re, but the milliampere is beginning to be substituted everywhere 
for the milliatom. 

Various units. — ^We often find in memoirs the strength of currents 
expressed by the weight or volume of gas disengaged during a given time. 
It is easy to reduce these strengths to amperes by remembering that a 
current of one ampere disengages *172 cubic centimetre of mixed gas per 
second at 0° C. and pressure 760 mm. 

The weight of water decomposed is 92 microgrammes.* The weight 
of hydrogen produced is 10*4 microgrammes, and the weight of oxygen 
81*6 microgrammes. 

TABLE OP UNIT3 OP CUEEENT STEENOTH. 



NAME OP 
UNIT. 


AHPkBB. 


Jacobi. 


Danikll 
U.S. 


Atomic 

CUBBBKT. 


Ampere .... 
Jaoobi .... 
/Daniell\ 

V U.S. ; • • • 

Atomic current . 


1 
•0961 

116 

1*111 


10*32 
1 

12 
11*5 


•862 
•08283 

1 

•95775 


•90009 
0*86198 

1*0411 
1 



llnit of Quantity* — The unit of quantity which is at present 
used is the coulomb. This is the quantity of electricity which X)a88e8 
through a circuit in one second, when the current strength is one ampere. 
Sometimes, however, the quantity of electricity is expressed in terms of 
the weight of metal deposited by a current in a decomposition cell, or by 
the volume of gas disengaged in a voltmeter. The table of electro- 
chemical equivalents {see Fourth Part) enables us to reduce to coulombs the 
quantity of electricity expressed by weights of deposited metals. When 
the quantities of electricity are expressed by volumes of gas, the value in 
coulombs is found by remembering that one coulomb of electricity passing 



* Some authors give the figures 93*78 microgrammes. 
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through a Yoltmeter produces *172 cubic centimetre of ruCi w I gas at the 
temi)erature 0^ C. , and pressure 760 mm. The weight of wat^t^omposed 
hy one coulomb is 92 microgrammes, and the weight of the^^^irogen 
evolved is 10*4 microgrammes. 

Ampere hour, or hour ampere.— The quanti^ 

electricity which passes through a circuit in one hour when the curre)| 
strength is one ampere. 

One hour ampere equals 3,600 coulombs. (Used in testing accumu- 
lators.) 

Unit of* capacity* — ^The imit most generally employed for 
condensers and submarine cables is the microfarad, which we have 
already defined. 

Electrical units of Messrs. Siemens of Berlin.— 

Since the Paris Congress of 1881 all the measuring apparatus of this firm 
has been based on the following units : 

One ohm = 1'0615 Siemens units. 

The standard ohm of the British Association, or B. A. unit, = -9935 
ohm.* 

The standard ohm of the British Association, or B. A. unit, = 1*0493 
Siemens units. 

One hour ampere deposits 3*96 grammes of silver. 

One coulomb deposits '0010833 gramme of silver. 

ELECTB08TATIO UNITS. 

Although the electrostatic units are very rarely used in practice, it is 
useful to define them here. 

Electrostatic unit of quantity.— The unit of quantity 

is that which, placed at a distance of one centimetre from a similar 
equal quantity, repels it with the force of one dyne. Dimensions 

[m^l^t-^]. 
Electrostatic unit of difference of potential.— 

There is unit difference of potential between two points when it requires 
one unit of work, or one erg, in order to move a quantity of electricity 
equal to one unit from the one point to the other. Dimensions 

[m4l4t-']. 

i.0. the ohm defined by theory as equal to 10* C. G. S. tmits. 
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llnit of electrostatic capacity.— The capacity of a 

conductor is one unit when one unit quantity of electricity raises its 
potential one unit. Dimensions [L]. 

A sphere of one centimetre radius has a capacity equal to one unit. 
The capacities of spheres are proportional to their radii. 

Relation betureen electrostatic and electro- 
magnetic units* — The ratio between the electrostatic unit of 
quantity and the electro-magnetic imit of quantity, has for its dimensions 

1-= 1. This expression is equivalent to a velocity, and is represented by 

the letter v ; the numerical value of v varies between 2*825 x 10">, and 
3*1074 X lOio centimetres per second. The value now adopted is that 
given by Professors Ayrton and Perry : 

V = 2*98 X 10* centimetres per second. 

This velocity is the same as that found for the velocity of light. 

6. VAEIOUS UNITS. 

Under this general title we will discuss the physical units, which, 
although they do not belong to the G. G. S. system, tgid are not officially 
recognised by the International Congress of Electricians, are nevertheless 
accepted almost universally by scientific men, and are to a certain extent 
directly derived from the C. G. S. system. 

Units of pressure.— The unit of pressure in the C. G. S. 

system would be equal to a imit of force exerted on a unit of area ; that 
is to say, would be equal to one dyne per square centimetre. This unit 
has only a^heoretical value, and is not employed in practice.* 

In France they reckon by atmospheres, and by kilogrammes per square 
centimetre. The atmosphere, or atmospheric pressure, is equal to the 
pressure of a column of mercury, 760 millimetres in height, at 0° 0. ; or 
to a column of water 10*33 metres in height. In England the. atmosphere 
is thirty inches of mercury. The kilogramme per square 6entimetre is 
equal to the pressure of a column of water 10 mfitjes high. As these 
two units do not differ greatly one may be used for the other without 
introducing any very serious error. Jn England pressure is generally 
reckoned in pounds per square foot, and pounds per square yard. The 
table on page 50 shows the relations between these different units. 

* Some English physicists use it in scientiflc work. (See Everett, XJniU and 
Ph]/8ical C<m«tant«.) 
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llntt of temperatlire* — ^The unit of temperature generally 
adopted is the degree centigrade or degree Celsius (C. by abbreviation). It 
is founded on the thermal properties of distilled water at the atmospheric 
pressure (760 millimetres). In the practical centigrade thermometric scale, 
the 0^ is the temperature of melting ice ; 100^ that of water boiling under 
a pressure of 760 millimetres of mercury ; and the centigrade degree is 
the one-hundredth part of the difference of temperature between 0° and 
100^. In Riaumur's scale 0^ corresponds to melting ice, and 80° to the 
temperature of boiling water. In Fahrenheit's scale the temperature of 
melting ice is represented by 32', and that of boiling water by 212^. 
The following table shows the relation between the degrees of these three 
scales. 

BELATIOK BETWEEN TH£DIFFEBENT THEBMOMETBIC DEOBEES. 



THBBMOnTSR SCALB. 


Ckvtigiupb. 


BiATTMUB. 


Fahrehhkit. 


Centigrade or Celsios 

Bdaumur 

Fahrenheit .... 


1 
1-25 
•55656 


•8 

1 

•4444 


1-8 
2-25 

1 



Temperatures are sometimes recorded in a scale which is called that of 
absolute temperature. The value of the degree is the same as that of the 
degree centigrade, but the of the absolute scale corresponds to -273° of 
the centigrade thermometer. To reduce temperatures expressed in the 
absolute scale to the centigrade scale, subtract 273 from the number 
which expresses the absolute temperature. 

Units of heat* — The practical unit of heat used in France, and ' 
generally adopted by scientific writers, is called the calorie, and is the 
quantity necessary to raise one kilogramme of water 1° C. The theo- 
retical unit of heat is, as yet, rather badly defined, because the specific 
heat of water varies with its temperature, and the temperature adopted 
as the standard varies with different authorities. Generally the tempera- 
ture is selected between 0° and 4° 0. Some physicists have adopted a 
unit a thousand times smaller than this, i,e. a quantity of heat necessary 
to raise one gnunme of water one degree centigrade ; unfortunately they 
have also called this unit by the name of calorie, because it is more 
directly derived from the C. G. S. system, as it depends upon the gramme 
as a unit of mass. 
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In order to avoid confusion in this work, we will always distinguish 
the calorie (kilogramme degree) from the calorie (gramme degree). 
This last unit is also sometimes called the milU-calorie. 

In England they use the pound-degree-centigrade, or pound-degree- 
Fuhrenheitf or thermal unit. 

The pound-degree-centigrade is a bastard unit based upon the English 
pound and the centigrade degree. Its name defines it sufficiently. 

The pound- degree -Fahrenheit or thermal unit is the quantity of heat 
necessary to raise one English pound of water one degree Fs^irenheit. 
The table on page 51 shows the relations between these two units. 

Mecbanical equivalent of beat.— The value generally 
adopted for the mechanical equivalent of heat is the following : 

1 calorie (kg.-d) = 424 kgm. =: 3066*83 foot-pounds = 6'57 h. p. 

When energy is considered under its different forms of work, heat, or 
electricity, it is expressed, according to circumstances, in units of work or 
units of heat. The table on page 61 shows the value of the relations 
between the different units of energy most commonly used, calorie, meg- 
erg, kilogramme tre, and foot-pound. 

PHOTOMETEIC UNITS. 

England. — The unit is the candle (or Parliamentary standard) of 
spermaceti, a candle - inch in diameter burning 120 grains per hour. 
(This standard sometimes varies 30 per cent.) 

Fbanoe. — The unit is the Carcel burner, burning 42 grammes of pure 
colza oil per hour with a flame of 40 millimetres, under the conditions 
established by Messrs. J. B. Dumas and Regnault, who devised this 
system for the purpose of testing the illuminating power of the Paris gas. 

One carcel burner = 9*5 candles. 

Gesmany. — ^The standard is a paraffin candle 20 millimetres in diameter 
burning with a flame 5 centimetres high. 

One carcel burner =: 7*6 German candles. 

Vabious units. — Schwendler has proposed a strip of platinum, of 
given dimensions, raised to incandescence by a current of given strength. 
M. Violle, in 1881, proposed as a standard the light emitted by a 
platinum surface one square centimetre in area kept at its point of fusion. 
Neither of these units is yet adopted in practice. 
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METHODS OF MEASUBEMENT AND MEASUEING 
mSTBUMENTS. 



The applications of electricity are so various, that an electrician's pocktl- 
book ought to comprise all the measuring apparatus and all the methods 
of measurement of geometrical, mechanical, and physical quantities. 
Under these conditions, this pocket-book would become a general treatise 
far exceeding the limits which we have laid down ; so we must conten , 
ourselves with rapidly running over those methods and instnmients 
which only interest the electrician indirectly, reserving the greater part of 
our space for the methods and applications which the electrician uses 
directly. We will here follow the same order which we have adopted in 
the explanation of the units of measurement. 

OEOMETSIGAL HEASUBEMENTS. 

Geometrical measurements which interest the electrician are of lh3 
same kind as those which all engineers generally require! In the Fourth 
Part of this book we give some common formuhe for the measurement of 
area and volume, as well as a few figures which are in constant use. 

We need only describe one small piece of geometrical measuring 
apparatus devised for the measurement of electrical conductors. 

MicroiDeter gfaug^e* — ^This apparatus is a small micron, et or 




Pig. 7.— Micrometer Gktnge. 

screw, which is very handy for measuring the diameter of wires. It is 
sufficiently delicate to measure them in lOOths of a millimetre. 

The best patterns have a movable milled head, which " breaks off '' as 
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soon as the pressure of the screw exceeds a certain yalue, so that it is 
impossible to crush the wire or the plate of which the diameter or the 
thickness is being measured. 

Sometimes round gauges are used, carrying a series of numbered slots, 
but as these gauges only indicate the number of the wire, and not its 
diameter, they are falling oat of use. 



MECHAiaCAL MEASUREMENTS. 

These relate to velocity, force, and work. 

Telocity* — The electrician generally has only to measure the velocity 
of rotation. For this purpose counters {Sainted I)echiens, etc.) are used, 
which show the mean number of revolutions made by an engine in a given 
time ; or speed indicators {Bttsa'a tachym^tre, Murdoch Napier'^a show- 
speed, the velocity indicator of Marcel Deprez, etc.), which show the ve- 
locity at a given moment directly. The linear velocity v oio. point situated 
at a distance r from the axis is given in metres per second if r be in metres, 
or feet per second if r be in feet, by the formula 

2jrr» 
60 
n being the number of revolutions per minute. 

Measurement of force is either made by comparing the force 
to be measured to weights, or by means of a traction dynamometer, 
or by measuring a pressure exerted on a given area. 

Measurement of lirork.— Work being one of the forms of 
energy, we will point out some of the methods employed for measuring 
it when we come to consider the measurement of energy. 



ELECTBICAX MTC A pt r rtt wv v. w rq. 

Electrical quantities are measured either directly or indirectly. Before 
describing the methods employed in these measurements, we must describe 
the instruments which are used. When the instruments have been 
described, the choice of methods will explain itself, as generally these 
methods only depend on the apparatus which is at hand and the accuracy 
which we wish to obtain ; so we will rapidly glance over resistance coils, 
resistance boxes, standards of e. m. f., galvanometers, electrometers, 
measuring instruments, and accessory apparatus in general use. 
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SBSISTANCE COILS AND SBSI8TAKCE BOXES. 

A good resistance box ought to have the following properties : Accu- 
racy of adjustment, small sensibility to variation of temperature, and 
constancy of resistance under the action of currents or other physical 
actions. The coils of which the boxes are composed are in general made 
of German silver, covered with a double coating of silk. The wire is 
doubled before being coiled, so as to avoid effects of induction, and is 
wound upon an ebonite or paraffined- wood reel. The English makers 
use reels made of thin brass, in order that the coils may cool down rapidly 
after being heated by the passage of a current. When the coil is 
finished and its resistance corrected, it is steeped in melted paraffin wax, 
which ensures its insulation, and prevents the effects of moisture causing 
short-circuiting and so diminiRhing its resistance. The thickness of the 
wire of which resistance cofls are made does not much matter ; it de- 
pends only on the nature of the currents which have to pass through the 
coil, whidi ought in no case to become sensibly heated. The correction 
of the coil is easier the thicker the wire is. The resistance of the wire 
varies with the quantity of nickel in the alloy ; the wire ought to be very 
soft. The coils ought to be measured after they have been coiled, because 
the necessary tension in coiling them varies the resistance. The usual 
comi)osition of German silver (maiUechort, pacfong, or argentan) is as 
foUows (F. Regnault) : 

Copper 50 parts. 

Zinc 30 „ 

Nickel 20 „ 





Pig. 8.- 



Arrangement of Blocks 
and Hogs. 



Pig. ».— Standard B. A. Unit. 



The above diagrams show how the coils are joined to the correspond- 
ing blocks, and how the putting in of a plug cuts out the resistance of the 
corresponding coil by short-circuiting it. 
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When very great accuracy is required, the coils are znade of the silver 
platinum alloy used for the B. A. standard ohm. 

The British Association standard coil.— This repre- 
sents the ohm. It is formed either of German silver, or of an alloy of 
66*6 of silver and 33*4 of platinum. The wire is carefully insulated with 
two or more coatings, and doubled before being wound, so as to prevent 
inductive action. The two ends of the wire are soldered to two massive 
copper rods ; the whole coil is steeped in paraffin, and enclosed in a brass 
case (Fig. 9). By immersing the case in water, the wire may be raised to 
any temperature desired. These coils are constructed with great care, 
and are si)ecially employed with the shding Wheatstone*s bridge, or for 
testing resistance boxes. 

Subdivision of the ohm.— A German silver wire (No. 16 
B. W. G.), 1*65 millimetres in diameter and of one ohm resistance, is 
taken. It is then carefully divided into ten equal parts, and at each 
division a copper wire is soldered, which enable tenths of an ohm to be 
used. For himdredths of an ohm, a brass wire j^ of an ohm of No. 18 
gauge, may be taken and treated in the same way ; No. 10 brass wire 
for thousandths of an ohm. Leaving out of the question considerations 
of weight, volume, and price, it is better to take the largest possible wire, 
by which means the greatest accuracy is insured. 

Resistance boxes* — Generally coils are chosen of such res^'s- 
tance, that, by their combination, aU resistances from 1 to 10,000 ohms 
can be found. With a minimum number of coils, generally the following 
numbers are taken : 

1 2 2 5 10 10 20 50 100 100 800 500 1000 K^D £000 £030 

i.e. sixteen coils in all. 

Another combination of coils, which permits of rapid manipulation, 
enables us to read the resistances at a glance, and to adjust them with 
very little movement of the plugs, is as follows : 

1234 10 2030 40 100 200300400 1000 2000 3000 4000 

This also requires sixteen coils. In the form of dial resistance box, which 
Elliott makes, the great consideration has been to have the smallest 
possible number of plugs. {iSee page 58.) 

Bridge box : Post-Office pattern.— This box contains, 
as the following diagram shows, a series of resistances, enabling us to 
obtain from 1 to 10,000 ohms resistance; a Wheatstone's bridge, with 
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arms 10, 100, and 1,000, and two contact keys, one for the battery, and 
the other for the galvanometer; and two plugs marked "infinity," the 




Fig. 10.— Post-Office Bridge Eox. 

removal of which completely cuts the connections at the points where 
they are inserted. One of these plugs enables the bridge box to be 
turned into an ordinary resistance box ; the other enables us to insert an 

B_ 



\ ' "IN! 

>o! > 



Fig. 11. — Diagram of Connections in the Post-Office Bridge Box. 

infinite resistance in one of the branches of the bridge. The most 
complete pattern has a reversing key, which changes the direction of the 
battery current without disturbing the connections. 

Brldg^e for cable testing^. — ^This box has no contact keys 
such as are found in the Post-Office pattern. The contacts are made by 
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means of special accessory apparatus (reversing keys, or tappers, or 
Morse keys). 

Each of the copper blocks which join the coils has a hole in it, in 
which the plug can be placed when out of use. 

I>ial 1>OX* — ^This is a bridge box in which the arms have coils 
of 10, 100, 1,000; and 10,000 ohms. The resistance box proper has 
five dials, each one formed of a disc of brass, surrounded by a ring 
divided into ten segments ; each segment is connected to its neighbour by 
a resistance coil. All the coils of any one dial have the same value, 
1, 10, 100, 1,000 ohms; the current goes from the segments to the centre 




Fig. 12.— Dial Besistance Box. 

of the dial. A plug is placed between the centre of the disc and one of 
the segments. If ihh plug is at zero, there is no resistance introduced ; 
if it is put at 1, 2, 3, the current has to pass through 1, 2, 3 coils on its 
way from zero to the centre. The resistance introduced is equal to the 
sum of the resistance plugged up. Headings are easily made from left 
to right. 

Sir l¥iii. Thomson and Iflr. Tarley^s sliding re- 
sistance 1>OX.9 used in bridge measurement. It is so arranged as 
to enable the operator to vary the two arms of the bridge by causing a 
handle to slide over successive contacts arranged roimd the circum- 
ference of a circle. One of the arms contains 100 coils of 20 ohms each. 
The other, 101 coils of 1,000 ohms each. The simi of the resistances of 
the two arms is constant ; their ratio only is made to vary. The third 
arm has a fixed known resistance ; the fourth is the resistance to be 
measured. 

Precautions to be observed in using resistance 
boxes* — The plugs of the box must be kept perfectly clean. It is a 
good plan, before commencing a series of experiments, to rub the plugs 
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over with a fine file or emery paper, taking great care that none of the 
emery dust adheres to the metal. In patting ia a plug, it should be 
slightly twisted, to ensure a good contact; but this ought to be done 
gently, so as not to damage the ebonite. In taking out or putting 
in a plug, care must be taken not to disturb the plugs in its neighbour- 
hood. Before beginning, care should be taken that all the keys make a 
good contact, and that they are free from grease. The metal part of the 
plugs should never be touched with the fingers. They should always be 
taken hold of by the ebonite handles. 

1/V beatStone^S 1>riclg^e* — An arrangement devised by Christie, 
the principle of which is represented in the adjoining figure : 




rig. 13.— Principle of the Wheatstone's Bridge. 



Four resistances a b e x form the four sides of a lozenge A B C D. 
A battery is connected to the two ends of a diagonal BD. A galvano- 
meter Or is connected to the ends of the diagonal AC. When the 
galvanometer is not deflected, there is the following relation between the 
resistances ah cxi 

a e_ 

b ^' 

This relation is a consequence of Kirchoff*s laws. 

Wheatstone applied Christie's arrangement to the measurement of 
resistances, 'so that it is generally known under the name of Wheat- 
stone's bridge or Wheatstone's balance. 
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When a and h are known, if c is yaried until the galvanometer conies 
to zero, the value of a; is : 

a 

a and h are the arms of the bridge. "When a and h are equal, x — c. 

By varying the ratio between a and h resistances may be measured 
which are either much greater or much smaller than the resistances to be 
found in the resistance box. Thus the Post- Office bridge box, which has 
two arms of 10, 100, and 1,000 ohms, enables measurements to be made of 

resistances which vary from -^ of an ohm up to 1,000,000 ohms, which 

is quite sufficient for most practical work. Boxes which have arms contain- 
ing resistance coils of 10,000 ohms enable measurements to be made from 

j^ of an ohm up to ten megohms. 

mieatstone^s sliding^ bridge, or divided urire 
bridge* — Specially applicable for the measurement of small resistances. 
It is made up of a wire of platinum iridiimi aUoy, or German silver, one 
metre long, and one millimetre and a half in diameter, stretched on a 
long board, which forms the base of the apparatus. Beneath it is a scale 
graduated in millimetres ; each end of the wire is soldered to a metal 
block joined to large copper bands. In one of the arms is placed a fixed 
known resistance II (a standard ohm, for example) ; one of the wires 
from the battery is attached to a sliding contact, which can be nm along 
the wire. The other battery wire and the galvanometer are connected 
as in the ordinary bridge. Calling x the resistance to be measured, we 
have 

ic = R • 



It is only necessary to know the ratio ^ , and not the absolute value of 

the resistances a, h. If the wire is homogeneous and of uniform diameter, 
this ratio is that of the lengths on each side of the slider; the 
slider generally has a vertical rod which is kept up by a spring; the 
battery wire is attached to this rod, and contact is established only at the 
desired moment by pressing down the spring. This apparatus, which is 
very useful for certain kinds of work, is not very accurate, because it is 
based on the hypothesis that the wire, in spite of exposure to the air, has 
a uniform resistance. This is not strictly true, on account of oxydisation 
and the abrasions made by the slider. 
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Thickness of urire for resistance coils.— The wire 
ought to be larger as the coil represents a smaller resistance. The 
following table shows the mean thicknesses, according to Mr. Sprague : 

Coils of 1 ohm, No. 18 te 21, B.W.Q. . . 1*24 to '31 mm. 

„ 10 „ No. 20 to 29, „ . . 0-89 to -33 „ 

„ H „ No. 25 to 34, „ . . 05 to '17 „ 

„ l.OJD „ No. 32 to 40, „ . . 022 to '1 „ 

Besistance coils are generally made of German silyer, of which the 
specific resistance yaries coiisiderably with the proportion of nickel ; as a 
first approximation and as a guide in purchasing wire we may take it that 

Imfetreof German silver wire, I mm. in diameter, has a resistance of '27 ohm. 
1 »i »• »t *«* »i »» »» 1*08 ,, 

1 » „ » -1 „ M » 27 

at the temperature of 0' C. Different samples yary between the 
resistances giyen aboye and the double of them. 



STANDAEDS OP KLECTBOMOTIVE FOBOE. 

Electromotiye forces are measured either by the aid of instnmients so 
graduated that they giye the yalue directly in yolts, or by comparing 
them to other electromotiye forces taken as standards. There is no 
standard in existence haying an e. m. f. exactly equal to one yolt. 
In practice elements are used so arranged that they giye a constant 
e. m. f . of known yalue. We wiU describe here those standards which 
are most commonly employed, stating for each one of them the conditions 
necessary in order that their e. m. f . may be considered as practically 
constant. 

The Post-Office standard cell is a form of DanielPs cell. 
It is composed of a box (Fig. 14) containing three distinct receptacles ; the 
left-hand one contains a plate of zinc Z immersed in water, the right- 
hand one a flat rectangular porous pot C, containing a plate of 
copper, and filled with a satui-ated solution of copper siUphate. The 
porous pot is immersed in water. These two receptacles are only used 
when the cell is at rest. The centre one contains a half-saturated 
solution of zinc sulphate ; at the bottom of it is a little zinc cylinder 
X, in & special compartment. When the cell is to be used the porous 
pot is taken out from the place in which it remains when the cell is 
at rest, and placed in the centre compartment, in which the zinc is also 
placed. The cell is then ready for use ; both the jp^, '^"i ^e porous 
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pot are taken out and put in their resting compartments when the cell is 
done with. The small quantity of sulphate of copper which has passed 
through the porous pot whilst the cell is in action is reduced by the little 

zinc cylinder x. The zinc sulphate 
solution is thus kept pure. 

Under good conditions a newly 

^ ^M^ Vj^' fS volts. In ordinary working the offi- 

cials of the post-office assume that it 
has an e. m. f. equal to 1*07 volts. 




Fig. 14.— Fost-Offlce Standard CeU. 



Mr. l¥arreii De I^a 
Rue^s chloride of silver 
battery* — ^Each element is com- 
posed of a glass vessel closed by a 
paraffin stopper. The negative plate 
is chemically pure zinc, not amal- 
gamated ; the positive plate is chloride 
of silver enclosed in a cylinder of 
vegetable parchment. The chloride of silver AgCl is cast round a 
flattened silver wire, which serves as an electrode. The exciting solution 
is composed of 23 grammes of chloride of ammoniimi (sal-ammoniac) to a 
litre of water. The paraffin is melted down on to the edge of the glass, 
and round the wire, by means of a hot iron. The e. m. f . of this cell is 
1*068 volts. The battery acts better the more often it is used. K it 
remains long at rest a very adherent coating of oxychloride of zinc is 
formed, which greatly increases the resistance of each element. 



With bromide of silver the e. m. f . is 
With iodide of silver „ „ 



•90S volt. 
•758 „ 



Mr. liatimer Clark^s standard cell can only be 
employed for those measurements in which the battery produces no 
current (Law's method, for example). At a temperature of 16° C. the 
e. m. f. is 1*457 volts. Increase of temperature diminishes the e. m. f. 
by '6 per cent, per degree centigrade for ten degrees above and below 
15^ C. In this cell the positive element is pure mercury, which is covered 
by a paste formed by boiling sulphate of mercury in a saturated solution 
of sulphate of zinc ; the negative element is formed by zinc which has 
been purified by distillation; it rests on the paste. The best way of 
putting up this cell is to dissolve sulphate of zinc in boiling distilled water 
to saturation. When it has grown cold the solution is decanted from 
the crystals, and is mixed with pure sulphate of mercury until a thick 
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paste is obtained, which is then boiled in order to get rid of the air. 
This paste is then poured on to the mercury, which has been previously 
heated in a suitable glass vessel. A piece of pure zinc is then suspen4ed 
in the paste. It is as well to close the vessels hermeticaUy with melted 
paraffin wax. Contact is made with the mercury by a platinum wire, 
which passes through a glass tube fixed to the interior of the vessel, and 
which plunges below the surface of the mercury; or, better still, 
through a little glass tube blown on to the side of the vessel, and opening 
close to the bottom of it.* 

Mercurous sulphate (HgsSOJ can be obtained commercially. It may 
also be prepared by dissolving excess of mercury in sulphuric acid raised 
to the point of ebullition. The salt, which is an almost insoluble white 
powder, must be washed with distilled water. Care must be taken to 
obtain it quite free from mercuric sulphate (bi-sulphate), the presence t^B 
of which is shown by the mixture turning yellow when water is added. *^ 
It is essential to wash the salt carefully, as the presence of free add ov ^* 
bisulphate produces a change in the e. m. f . of the cell. f^^ 

Zinc cadmium element* — An amalgam of zinc is placed O 
in a vessel and covered with a solution of pure sulphate of zinc ; in another fej 
vessel is placed an amalgam of cadmium covered with a solution of ^^ 
sulphate of cadmiimi ; the two vessels are joined together by a capillary • 
syphon; platinum wires connected with the amalgams form the poles of ^^ 
the element. The e. m. f . is *28 volt (Debrun) ; the calculated e. m. f . Gu 
is '35 volt. This standard answers for all measurements made with 
condensers. 



^ 



Simple standard, cell* — ^A plate of zinc and a plate of 
copper immersed in a saturated solution of sulphate of zinc, give an 
e, m. f . of one volt (Ayrton and Perry) ; this cell must only be employed 
with a condenser to prevent polarisation. A very good standard for 
ordinary measurements is a common Daniell cell, with a very tall porous 
pot. The zinc and zinc sulphate solution are in the porous pot, which is 
well soaked in melted paraffin wax for two or three inches from its upper 
border. If the zinc sulphate solution be always kept some inches higher 
than the copper sulphate solution in the outer pot, the cell may be left at 
rest for a long time without any deposit of copper taking place on the 
zinc. Such a cell may be trusted to give an e. m. f . within 3 or 4 per 

• Experience shows that these cells often vary very much after the lapse of 
a few months. This is probably due to bad insulation ; they should be very 
carefully sealed and kept in a dry place. 



<D 
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cent, of 1*07 of a volt for many weeks, and even longer if it be kept on 
closed circuit through a resistance of a few thousand ohms when not in 
use. 

STANDABDS OF CAPACITY. 

Those employed in practice are condenser Sy of which the capacity varies 
between one-third of a microfarad and ten microfarads. In scientific 
researches absolute air condensers are sometimes used, of which the 
capacity is calculated according to their geometrical form, but up to the 
present time they have not been used for general practical work. 

Condensers* — ^A condenser is a Leyden jar of large surface and 
small volume. 

Varley*8 condensers are made of very thin silver leaves or sheets of 
tinfoil, covered with paraffin. 

Latimer Clark's condensers are made with tinfoil and sheets of mica 
covered with paraffin or gum- lac. 

WiUoughhy Smith's condensers have a special kind of guttapercha 
containing a large quantity of gimi-lac as a dielectric. 

The capacity of a condenser is measured in microfarads. It is 
proportional to the specific conductive capacity K of the dielectric to the 
area of the opposed surfaces S, and inversely proportional to the thickness 
of the insulating layer d : 

2wd 

A one-microfarad condenser contains about 300 circular leaves of tin- 
foil, separated by leaves of mica and con- 
tained in a box 8 centimetres high and 
16 centimetres in diameter. When the 
condenser is not in use the two arma- 
tures must always be kept connected by 
a plug which keeps the condenser dis- 
charged. 

Some standard boxes of condensers are 
composed of fractions of a microfarad which 

„. ,. „ ,. . , may be grouped at will by the aid of plugs 

Cimdeiiserr so as to vary the capacity and facihtate 

measurements. 
Fig. 16 shows the upper part of a condenser of one microfarad 
divided into five parts as follows : 

•05 '05 -2 -2 -6. 
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Construction of one - microfta'ad condenser 

(fitUley). — ^Requires 37 sheets of good tinfoil, 184 millimetres by 162, 
separated from each other by two leaves of yery thin hot-pressed paper, 
such as is used for bank notes. The two series are composed respectively 
of eighteen and nineteen sheets of tinfoil. The one with nineteen leaves 
forms the exterior of the condenser, and is connected to earth. The 




Fig. 16.— One Microfarad divided into Five Parts. 

additional leaf has the effect of neutralising the effects of the induction 
of neighbouring objects. The paper should be thoroughly dried, and 
soaked in parafi&n, either by immersing it in a bath of melted paraffin or 
painting it over with a camel-hair penciL 

In order to construct this condenser a plate of sheet iron is taken, 
a little larger than the sheets of paper, and mounted on four legs, so 
that it may be heated from below by means of a gas jet. Its surface 
ought to be plain, and polished, with a groove round the edge to 
receive the excess of parafi&n. The paper is cut out in sheets large 
enough to stick out beyond the sheets of tinfoil about 25 millimetres 
all round. The two upper comers of each sheet are turned up, one of the 
comers of the metallic sheets is also turned down. They are spread out 
with care, and joined into two series, one of eighteen and the other of 
nineteen sheets, by soldering together the comers which are not turned 
up opposite to the turned up comers of the same side of the sheets, so as 
to make two distinct books of them. A sheet of the paper is laid on the 
warm plate of sheet iron ; it is covered with melted paraffin with a very 
silky camel-hair pencil ; on this is laid the first tinfoil sheet of the book 
containing nineteen sheets. This sheet is then covered with varnish; on 
it is placed two sheets of the paraffined paper. On this paper is placed 
the first sheet of the series of eighteen sheets, so that the soldered comers 
correspond to the turned up comers of the paper, and are opposite to the 
soldered comers of the other series. A coat of varnish and two sheets of 
paper are then added as before; the second sheet of the series of nineteen 
is then spread out, taking care to smooth each leaf carefully as it is put 
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into its pla33. Wlien the apparatus is oonstmcted it is placed between 
two hot metal plates and submitted to a pressure of 400 kilogrammes to 
squeeze out the excess of paraffin and make the whole compact. 

By this means the alteration in the capacity of a condenser is aToided, 
which would be produced by any alteration in the distance between the 
metal plates. Two thicknesses of paper are used in order to ensure good 
insulat OD, which might be destroyed if there were any small hole or 
break in the paper. Care must be taken to arrange a battery of one to 
ten elements, and a galyanometer between the two series of metallic plates 
so as to observe whether the insulation remains perfect whilst the con- 
denser is being built up. When the condenser has become quite cold its 
capacity is verified by some suitable method. If the capacity ia too 
small it is increased by applying pressure. If this method is insufficient 
more tinfoil leaves must be added ; if, on the other hand, the capacity is 
too large, a few tinfoil leaves are removed. When the operation is 
finished, the condenser is placed between two wooden mounts joined by 
two wooden screws, which keep up an invariable pressure ; the whole is 
then placed in a box carrying two binding screws connected to the two 
armatures of the condenser. The same method is employed for mica 
condensers, but the elasticity of this substance causes their capacities to 
vary with the pressure to which they are subjected. For equal volume a 
mica condenser has a larger capacity than a condenser with paraffined 
paper, because the inductive capacity or inductive power of mica is 
greater than that of paper. 

ACCESSOBT APPABATUS FOB ELECTBIOAL ICEASUBEMENTS. 

Circuit breakers and commutators are used to 
make and break electrical connection between the different measuring 




Pig. 17.— Plug Circuit Breaker. Fig. 18.~Battery Commutator. 

apparatus. They are made both with keys and with plugs, and for one 
or more directions as may be required. The form known under the name 



COUHCTATORS — KEYS. 



6T- 



of battery commutator is a very convenient form when it is necessary to 
vary the number of elements in circuit rapidly. 

Reversing: commatators.— The simplest form is composed 
of four thick brass quadrants screwed to a plate of ebonite, and not 
touching each other, having semicircular slots cut out in them, in which 
brass plugs may be introduced to make electrical contact between the 
quadrants. 





Fig. 19.— Plug Beversing 
Commutator. 



Pig. 20.— Beversing Key. 



Reversing: keys are used to connect the galvanometer to other 
measuring apparatus. The contacts are so arranged that when one of the 
springs is pressed down, the current flows in one direction, and when the 
other is pressed down, in the 
reverse direction. Two other 
keys enable the springs to be 
wedged, so that permanent 
contact can be maintained 
when necessary. 

Siiort-circoit key 
or tapper is connected 
between the terminals of the 
galvanometer, to prevent cur- 
rents of too great strength 
accidentally passing through 
the coils. In its normal condition the spring presses against a platinum 
contact ; and when pressed down, against an ebonite contact. A mov- 
able stop enables the key to be kept down permanently when it is 
necessary. 




Fig. 21.— Short-Circuit Key or Tapper. 
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iDiSCliarg^llg^ Hs^ey^ used in measurements with condensers. 
The most commonly used is Sabine's, It has three keys. The first puts 
the condenser in circuit; the second insulates the condenser; the third 
connects the condenser and the galvanometer. 




Fig. 22.— Sabine's Discharging Key. 

I>01lble contact key is used in bridge measurements with 
ordinary bridge boxes. The connections are so arranged that the first 
contact closes the battery circuit, and the second the galvanometer circuit 
almost immediately one after the other, and this is effected by pressing 
down one key only. 

OENEBAL METHODS OF HEASUBElCBirT. 

Methods of measurement may be divided into two great classes : 

(1) Direct methods, in which a quantity to be measured is compared 
to a quantity of the same kind by one of the three following methods: 

a. By opposition. 

b. By substitution. 
e. By comparison. 

(2) Indirect methods, in which the magnitude of the quantity to be 
measured is deduced from the value of two or more other known 
quantities by means of a known relation. (Example : Heat disengaged in 
a voltaic arc, resistance of a conductor, when the strength of a current 
passing through it and the difference of potential between its two ex- 
tremities are known.) 
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a. DiflTerential, seero, equilibriain or balance, 

opposition methods* — These consiBt in opposing the unknown 
magnitude by a known magnitude and reducing to zero, or compensating 
the effect of the unknown magnitude by variaiions of the known magni- 
tude. When equilibrium is established, the equality of the magnitudes is 
shown by the equality of the effects. In this case we have to observe the 
non-ezistence of a phenomenon. The instrument does not require a 
scale, but a variable standard or graduated standards are necessary. 
The type of this method is the ordinary process of weighing. In 
electrical methods, we may take the Wheatstone bridge method as a 
type. In this it is only necessary to be satisfied of the equality of 
potential between two given points ; for this purpose galvanoscopes, 
galvanometers, electrometers, etc., may be employed. The accuracy of 
the measurement depends upon the sensibility of the instrument which 
shows the equality of the potential between the two points under con- 
sideration. 

h. Substitution methods.— The effect produced by the 
quantity to be measured is noted, and a known magnitude, capable of 
producing the same effect, is substituted for it. The instrument of 
observation must be graduated. The graduation may be arbitrary, but 
again it is necessary to have a variable standard or graduated standards. 
Sometimes one or both of the two effects is reduced in a known propor- 
tion, so as to bring the indications within the limits of the scale, or to 
that part of the scale at which the instrument is most sensitive. 

e. Comparison methods. — First of all, the effect is 
measured of a known fixed magnitude, then that of an unknown 
magnitude. The ratio of these magnitudes is deduced from the ratio of 
their effects. 

A calibrated measuring instrument is necessary, or a fixed standard, 
but these are not necessary if we know the constant of the instrument, 
and the relation which connects the magnitude to be measured with the 
readings of the instruments. (Example: Sine galvanometer, tangent 
galvanometer, etc.) 

measurehient of currents. 

Currents are measured by their electro-magnetic, electro-dynamic, or 
electro-chemical actions. There are these three classes of measuring 
instruments : 

(1) GalvanometerSf based on electro-magnetic action. 
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(2) EleetrO'dynamometers, based on the action of currents or electro- 
dynamic action. 

(3) Voltmeters, based on chemical action. 

(1) GALVANOMETEES. 

Every apparatus in which a magnetised needle is deflected by a 
current forms a ffalvanometer. A galvanometer is a galvanoscope when it 
indicates the passage of a current without measuring it. In zero 
methods galvanometers act as galvsuioscopes. Gkklvanometers are based 
on a discovery made by (Ersted, in 1819, and on Schweigger's multiplier. 
The application of astatic needles to galvanometers is due to NobiU, and 
that of the reflecting mirror to Sir Wm. Thomson. Gkdvanometers vary 
almost infinitely both in form and arrangement. We will only describe 
those most in use, but we will first point out the general principles which 
have been applied to them, and which, when they have a considerable 
importance, give the name of the instrument 

Absolute galvanometer, — Enables the strength of a current to be 
directly measured in terms of the dimensions of the galvanometer and of 
the horizontal component of terrestrial magnetism. 

Astatic galvanometers, — ^The directive force of the earth is diminished, 
so as to increase the sensibility of the instrument, either by means of a 
directing magnet or by a pair of needles forming an astatic system. 

Balistic galvanometer, — ^The measurement is made by the impulse on 
the needle produced by the action of a momentary current. 

Calibrated galvanometer. — ^The graduation of the scale is made, not 
in degrees, but in terms of the strength of the current, or the ordinary 
gradation in degrees is accompanied by a reduction table. 

Current galvanometers. — ^A galvanometer in a circuit which measures 
directly the strength of the current passing. 

Dead-beat galvanometer. — The needle goes to its position of equilibrium 
almost without vibrating. 

Differential galvanometers measure the difference of the action of two 
currents on a magnetised needle. 

E. m, f. galvanometer. — ^A galvanometer formed of relatively fine wire, 
placed as a shunt between two points of a circuit, the difference of 
potential between which is to be measured (indirect measurement). 

Fine wire or tension galvanometer.— These are unscientific names 
expressing the nature of the wire with which the coils are wound. 
This nomenclature is disappearing and giving place to the indication 
of the resistance of the galvanometer in ohms. 

Mirror galvanometer, or rejlecting galvanometers. — ^The index is formed 
by a ray of light. 
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Quantity ffalvanomefera have thick wire. 

Sine galvanometer, — ^The law of deflection is connected with the sine 
of the angle of deflection. 

Tangent galvanometers. — The law of deflection is connected with the 
tangent of the angle of deflection. 

Torsion galvanometer. — The action of the current is balanced and 
measured by the torsion of a rod or wire. 

It may be seen by this enumeration that the name of a galvanometer 
only defines its principal property, and that any given galvanometer may 
present several different properties to the same degree. The choice of an 
instrument to be used depends upon the nature of the measurements to 
be performed, the desired degree of accuracy, and the kind of people who 
have to make use of it, etc. Galvanometers are also sometimes called 
multipliers or rheometers, but these terms are disappearing. 

Sine galvanometer is composed of a vertical galvanometer 
coil, in the centre of which is placed a magnetised needle, free to turn in 
a horizontal plane. The plane of the toil is placed in the plane of the 
magnetic meridian, i.e. parallel to the needle. The current is then 
passed through the coil ; the needle is deflected ; the coil is then turned 
in the direction of the deflection until the needle again becomes parallel 
to the coil. The strength of the current is proportional to the sine of the 
angle through which the galvanometer coil has been turned, whatever 
may be the relative dimensions of the needle and the coil, and whatever 
may be the shape of the coil. Sine galvanometers are very sensitive, 
because the coil may be very close to the needle, but the observations 
require more time than those made with other instruments ; each move- 
ment of the coil producing a deflection of the needle, some time is re- 
quired in order to get the needle and coil paralleL The sensibility 
increases with the deflection. 

Tangent g^alvanometer*— When a very small magnetised 
needle is placed in the centre of a circular galvanometer coil of very large 
dimensions, and the axis of the needle is in the plane of the coil, it may be 
shown that the tangent of the angle of deflection is sensibly proportional 
to the strength of the current passing. The maximum sensibility is 
at 0° ; the sensibility disappears at a deflection of 90°. It is necessary, 
therefore, to measure very small angles, and to compensate for the 
smallness of the deflection by the accuracy of its measurement, or by the 
employment of Thomson's reflecting galvanometer (page 73). 

Oaugfain's conical multiplier.— A galvanometer coil 



72 METHODS OF MEASUREMENT. 

forming a short frustum of a right cone, at the apex of which the 
needle is placed ; the height of the cone is equal to half the radius of the 
base. Helmholtz has shown that the effect is doubled by having two 
coils placed symmetrically on each side of the needle ; this forms the 
tangent galvanometer which approaches most nearly to the theoretical 
conditions. For a galvanometer with one coil we have : 

C = — ^— Htan«. 

G represents the strength of the current ; 8 the angle of deflection ; a the 
radius of the base ; n the number of turns in the coil ; H the horizontal 
component of the earth's magnetism. In order to get an absolutely 
uniform magnetic field at the centre of the needle, three vertical parallel 
coils must be used, the centre one larger than the other two, so that 
all three lie on the surface of a sphere of which the small needle occupies 
the centre. 

Post-office tangent g^alvanometer, for telegraphic 

measurements, is formed of a circular ring of brass 15 centimetres in 
diameter, on which the coils are wound ; the needle is about 18 milli- 
metres long, which practically gives sufficient accuracy. The needle 
carries, at right angles to its axis, an index 12 centimetres long, which 
moves above a scale with two graduations, one in degrees on one side of 
the ring, the other in tangents on the other side. To prevent errors of 
parallax in reading, a piece of looking-glass is placed in the plane of the 
graduated ring, which reflects the index ; when a reading is taken, the 
image of the index must be concealed by the index itself. The ring 
carries three coils, one composed of only three turns of thick wire, the 
other two have each a resistance of 25 ohms. At pleasure any one of the 
coils may be used 8ei)arately, or two coils in series, or two coils parallel, 
according to the nature of the currents to be measured. 

Schwendler^s tangent galvanometer, used in the 

Indian telegraph service. This is a tangent galvanometer with two coils, 
one of 1 ohm and the other of 100 ohms. The one-ohm coil is accom- 
panied by two resLstances of 20 and 200 ohms, which may be added to 
the circuit. The one-hundred ohm coil has also two similar resistance 
coils of 1,000 and 2,000 ohms. The instrument has also a reversing key, 
80 that readings may be taken on both sides of the scale ; two plugs to 
introduce one or the other of the coils into the circuit, and two terminals 
for the attachment of the wires. For the measurement of very powerful 
currents the copi>er ring which supports the coils is cut in two, and its 
extremities connected to two other terminals, and thus forms a third coil. 
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The length of the needle is not more than one-fifth of the diameter of the 
ooil. This needle carries an aluminium index fixed at right angles ta its 
axis, and provided with wings of the same metal to check its oscillation. 
The whole is enclosed in a cnbical box of 15 centimetres side. The 
closing of the box automatically raises the needle, and disengages it from 
the pivot. With one Daniell*s cell the 100 ohms coil and 2,000 ohms 
resistance in the circuit, the deflection is 5°; one half of the scale is 
graduated in degrees, the other half in tangents. 

Obacb'S gfalvanometer*— A tangent galvanometer, the 
coils of which can be inclined from the vertical position. When the 
coils are inclined at an angle 9, if S be the deflection, the current is 
proportional to 

tan 8 sec 9. 

The angle through which the coils are turned is read on a divided quadrant 
by means of a vernier. The instrument is provided with one ooil of very 
low resistance, and one of very high resistance, so that it can be used 
both as an *' ammeter," and a "voltmeter" ; the power of varying the 
constant of the instrument by inclining the coils gives it a very wide 
range of utility, enabling both small and large currents and differences of 
potential to be measured by one and the same instrument. , 

Siemens' universal galvanometer.— An instrument 
in which a set of resistance coils, a wire Wheatstone-bridge, and a 
galvanometer with movable coils, which forms a sine galvanometer, 
are included in one piece of api)aratus. All telegraphic measurements 
of resistance of e. m. f . and current strength can thus be performed with 
the same piece of apparatus, the wire bridge being convertible into a 
Clark's potentiometer. 

Sir William Thomson's reflectingr g^alvano- 
meter. — This is the most sensitive apparatus known for measuring 
small currents and high resistances. It varies very much in form, but in 
principle it is composed of a light magnetic needle suspended in the 
centre of a large coil of wire ; and of a reflecting system which enables 
the deflections of the needle to be amplified. A long index is formed by 
a ray of light reflected upon a divided scale by a littie mirror, which is 
attached to the magnetic needle. The deflections always being very 
small, and the coil relatively large, the deflections are always sensibly 
proportional to the strengths of the current. It is constructed either 
astatic, dead-beat, or differential, etc. 

In the non-astatic form it is composed of four littie magnets from 4 to 
5 millimdtres in length, cemented to a small mirror. The diameter of the 
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mirror is about 6 millimetres, and the total weight of the mirror and 
needle together is not more than 7 centigrammes. The object of multi- 
plying the number of needles is to obtain the maximum of magnetisation 
with the minimum of mass, because the needle comes more readily to 
zero as its magnetisation is greater. 

The mirror is suspended by a cocoon fibre, and placed in the centre of 
a coil enclosed in a cylinder of brass. The front face is closed by a 
plate of glass. The cylinder is supported on a tripod with levelUng 
screws, by which the instrument can be levelled. A slightly curved 
directing magnet, supported by a vertical rod fixed on the case of the 
instrument, forms an artificial meridian, of which the strength and 
direction can be varied by causing it to slide up or down, or turn round 
on the rod, so as to act with more or less force upon the suspended 
magnet, and so vary the sensibility of the instrument. 

Regulation of the sensibility of the galvanometer. — ^When the poles of 
the directing magnet are arranged like those of the terrestrial magnet 
(the marked pole to the south) its directive force is added to that of the 
earth, and the sensibility of the apparatus diminishes. By turning this 
magnet through 180°, its directive force is opposed to that of the earth, 
and the sensibility increases. To get the maximum of sensibility the 
magnet is lowered until the two actions neutralise each other, then it is 
slightly raised so as to preserve a slight directive force to bring the 
luminous index back to zero. 

Thomson^s astatic galiranoineter*— The tustatic system 

is only employed in instruments wound with a very long wire, each needle 
separately being surrounded by a coil, and the current passing in opposite 
directions in each coil. As the whole system is rather heavy the lower needle 
has attached to it a small lozenge- shaped plate of aluminium to damp its 
vibrations ; the adjustment of the position of the directing magnet is con- 
trolled by means of a tangent screw. The square or cylindrical box 
enclosing the apparatus has an opening to contain a thermometer and is 
also provided with a spirit level, which enables the system to be put in a 
perfectly vertical position. Each of the coils is composed of two parts 
separated by a vertical plane. The astatic system can thus be withdrawn 
for adjustment or repair of the cocoon fibre, etc. There are thus really 
four distinct coils, which are in connection with eight terminals placed on 
the foot plate. According to the way in which these terminals are connected 
the coils may be grouped in series, parallel, or with two coils parallel, and 
the two systems of two coils in series, so that the resistance of the galvano- 
meter can be varied according to the measurements which have to be made. 
The shunts which accompany a galvanometer always correspond to 
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ihe arrangement of the coils in series. The cocoon fibre is attached 
to a knob which can be raised or lowered at pleasure. When it is lowered 
the needles rest on the coils, and the instrument m&j then be removed 
without risk of breaking the fibre. The readings of the deflections of 
the galvanometer are made by means of a lamp, divided scale, and mov- 
able mirror. 

The arrangements being the same for all reflecting apparatus we will 
describe it once for all. 

liamPf SCale^ and mirror* — An arrangement devised by 
Sir William Thomson for observing and measuring very small angular de- . 
flections, which is applied to all reflecting apparatus, galvanometers, 
electrometers, etc., and in which a ray of light acts as a long index 
without weight, and therefore without inertia. A movable mirror 
is fixed to the apparatus of which the deflections are to be measured, a 
lamp and scale are placed before it at a variable distance, generally 60 to 
80 centimetres, the light of the lamp passes through a narrow slit cut in 
the base of the scale, falls on the movable mirror, is reflected from it, and 
returns, forming a small luminous image on the upper part of the scale ; 
the least movement of the mirror displaces the image along the scale. 
The distance passed over is equal to that which an index of double the 
length of the distance from the mirror to the scale would pass over.* 

The opening is sometimes a slit, the movable image is then a luminous 
vertical line ; sometimes a circular hole crossed by a very fine platinum 
wire, stretched verti6ally, when the image is an illuminated circle crossed 
by a thin black vertical line. K the mirror is plain the light is converged 
so as to come to a focus on the scale by means of a lens. Sometimes the 
mirror is concave, which does away with the necessity for a lens. The 
concave mirrors being very expensive, a thin disc of silvered glass, and a 
lens are more often used ; microscopic covering glass answers very well for 
this purpose. The scale is generally divided into millimetres, and printed 
in black on white glazed paper ; sometimes it is formed of groimd glass, 
and the deflections are read on the other side of the scale. When a 
petroleum lamp with a flat wick is used, the wick ought to be placed with 
its edge turned towards the slit. An incandescent electric lamp gives a 
very sharp image with a slit. 

Hole, slot, and plane* — An arrangement devised by Sir 

* In accurate scientific measurements this distance is sometimes 6 metres, 
so the deflections read upon the scale are equal to those of an index 12 inches 
long. The deflections being infinitely small, the strengrths are exactly propor* 
tional to the dirisions of the scale. 
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W. Thomson, by which any piece of apparatus, galvanometer, electrono- 
meter, etc., which rests on a table by means of three levelling screws, 
can be removed and always replaced in the same position. The three 
legs are numbered 1, 2, and 3. Foot No. 1 is placed in a small hole made 
in the table ; foot No. 2 in a short slot, whose axis, when prolonged, 
passes through the hole ; foot No. 3 on the plane of the table. All error 
is thus avoided when the instrument is replaced after being moved. The 
advantage of having a slot instead of a second hole is that the arrange- 
ment allows of more than one instrument being used in the same place, 
independently of the dimensions of the instruments, if the feet of the 
> levelling screws be all of the same diameter. By this method, therefore, 
one lamp and scale will answer for several instruments. 

Sir l¥illiaiii Thomson's sbip's g^alvanometer* 

— ^For cable testing on board ship. The mirror and needle are attached 
to a stretched wire fastened at both ends, and passing through the centre 
of gravity of the system to prevent oscillations caused by the rolling and 
pitching of the ship. The apparatus is further surrounded by a thick iron 
cage in order to preserve the instrument from disturbances produced by 
external magnetic forces ; a strong directing magnet of horse-shoe shape 
embraces the coils and directs the needles. The spot of light is brought 
exactly to zero by means of a small regulating magnet worked by a rack, 
pinion, and milled head placed behind the galvanometer. 

]>ea,d-ibea,t gfalvanometer*— AgalvanOmeter is called dead- 
beat when it rapidly takes up its position of equilibrium under the action 
of a current, and comes rapidly to zero when the current is interrupted. 
This result is obtained by many details of construction. These are the 
most used : 

(1) Surrounding the needle with a mass of copper, which damps the 
vibrations by the effect of the induced currents which the movement of 
the needle produces in its mass ( Weber), 

(2) The needle is provided with a light vane, which moves in water 
or in air, and resists sudden movements. 

(3) The needle has a very small mass, and strong magnetisation, and 
very large directive force is applied. 

Sir l¥illiain Thomson's dead-beat g^alvano- 

meter*— The numerous oscillations of the mirror in ordinary galvano- 
meters often cause precious time to be lost in making measurements. Sir 
W. Thomson's dead-beat galvanometer gets over this difficulty. It is a 
modification of the ordinary non-astatic reflecting galvanometer. The 
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centre of the coil is occupied by a brass tube A, of such length that the 
part od is in the middle of its length, the tube a is closed by a small 
plate of glass, it is tapped at one end, on which a small ring e is 
screwed, into which a third part of the tube, also closed by a phite of 
glass, is screwed so as to form a completely closed air-chamber. A small 
mirror m, carrying a small magnetised needle, is placed in the centre of 
the tube c ; the mirror is very nearly of the same diameter as the tube, 
only just having clearance. It is suspended by an extremely short cocoon 
fibre ; the space ahy closed by a small glass plate, is just deep enough to 
enable the mirror to give a good deflection on the scale. By this arrange- 
ment all violent movement by the action of the current is prevented ; 




cb h h b 

Fig. 23.~Sir W. Thomson's Dead-Beat Befleoting Oalvanometer. 

instead of passing the point of rest, and coming back again, the spot of 
light travels slowly to its proper position, and stops there without passing 
it. When the current is interrupted the spot of light comes back to zero. 
The suspension being a very short fibre, the mirror does not move so 
freely as in the ordinary galvanometer, its sensibility is therefore not so 
great, but it is nevertheless quite sufficient for most purposes. It is easy 
to replace the fibre when it is broken. One end of the fibre being 
fastened to the mirror, the other end is passed through a little hole bored 
in c. The fibre is then stretched until the mirror is suspended, and does 
not touch the sides of the tube. A drop of varnish is then let fall upon 
the hole, which is thus closed, and the fibre fixed {Kempe). 

IVIarcel Deprez* dead-beat galvanometer.— ^A very 
light soft-iron needle placed between the two poles of a strong horse- 
shoe magnet. The index is made of straw, hair, or aluminium. 
The deflections are produced by two coils of coarse or fine wire, according 
to the currents to be measured, placed on each side of the needle. 
The mathematical expression of the law, which connects the current 
strengths with the deflections, is not known. In some arrangements the 
deflections of the needle are amplified by a cord and pulley arrangement. 

Ayiton and Perry's dead-beat g^alvanometer.^ 

Something like the preceding apparatus, but the shape of the coils and 
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the form of the pole pieces of the magnet are so calculated that the 
deflections are proportional to the current strengths up to an angle of 
about 40''. 

These instruments are wound both with coarse and fine wire, so 
as to form ammeters or voltmeters. The wire is in some cases 
made up into a cable, the strands of which can be arranged either 
parallel or in series, by means of a special commutator ; when the wires 
are parallel the constant of the instrument is one-tenth of the constant 
when the wires are in series. Those instruments which have this arrange- 
ment are also provided with a resistance coil, which can be thrown into 
the circuit by removing a plug. 

The ammeter is thus calibrated ; the instrument is arranged with the 
wires in series, and put in circuit with a standard Darnell's cell ; a deflection 
a is thus obtained; the resistance coil (in this case 1 ohm) is then 
unplugged, and a second deflection b is obtained ; then 

ab 
1° = : 



' E (a - *) 



where E is the e. m. f. of the Darnell's cell (1*079 volts), when the wires 
are again put parallel. 

1-= ^ X i. 

E(«-*) 10 

The forms without commutators are calibrated by comparison with other 
instruments, Siemens' dynamometer being generally used. 

Dead-beat g^alvanometer of Messrs* Deprez 
and D'ArsoilTal* — ^Intended for the measurement of very small 
currents. A galvanometer coil is suspended between the branches of a 
vertical horse-shoe electro-magnet by two platinum wires, which bring 
the current to it, and form an elastic torsion couple. A tube of iron 
placed in the interior of the coil between the branches of the magnet 
concentrates the magnetic field. The readings are made by means of Sir 
W. Thomson's system of lamp, scale, and mirror. When the terminals 
are connected by a short circuit the apparatus comes to zero without os- 
cillation. This property makes the apparatus very useful in zero methods. 
It indicates a current of one-tenth micro-ampere very clearly. 

Siemens and Halske's torsion galTanometer* 

— ^Intended for commercial use as a voltmeter; composed of a bell- 
magnet in the shape of a thimble split longitudinally along two 
generators diametrically opposite to each other. The poles of the 
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magnet are formed by the two arms thus made. The magnet is fixed on 
a vertical axis, and turns between two coils of fine wire, through which 
the current passes. The action of the current is balanced by a bifilar 
suspension or a spiral spring placed at the upper part. One Daniell's 
cell produces a torsion of 15° ; a resLstance coil enables the instrument to 
measure up to 100 volts. A graduated table gives the number of volts 
corresponding to each angle of torsion. 

Ampere-meter, amp^rometer« or ammeter.—The 

name given to commercial graduated instruments, which enable the 
value in amperes of a current passing through them to be known by 
direct reading. 

Voltmeter* — ^A galvanometer with a long fine coil, which gives by 
direct reading the value in volts of the differences of potential between 
two points of a circuit between which it is inserted as a shunt. 

In reality a voltmeter also measures the strength of the current which 
passes through it, but as its resistance is very great as compared with the 
other parts of the circuit, we may consider that its introduction as a 
shunt between two given points of a system does not change the con- 
ditions. The differences of potential are thus proportional to the strength 
of the current passing through the instrument. It is necessary to give 
very high resistances to voltmeters, so as to prevent the heating of the 
wire, which would have the effect of causing the instrument to give too 
small deflections. It is well, in order to avoid this heating, not to allow 
the current to pass continuously. A small key is generally placed on the 
apparatus by which the circuit can be closed at the moment of taking a 
reading. 

Precaations to be taken in tbe use of volt- 
meters and ammeters containing permanent 
magnets* — These apparatus must be frequently calibrated, because 
of the variation in the power of the magnets. It is well to put the 
armatures on their magnets when they are not in use, but the armature 
must be removed before taking a reading. A simple plan of ensuring 
their removal is to fasten a plate to the armature so as to hide the scale 
when the armature is on the magnet; any mistake thus becomes 
impossible. It has lately been found that the constant taking off and 
putting on of the armature is destructive of the magnetism of permanent 
magnets. Instruments which are in constant use should not have their 
armatures replaced. Only when an instrument is to be laid by for some 
weeks should the armature be put on. 
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Ayiton and Perry^s spring ammeter.— A soft iron 
needle, placed almost at right angles with the axis of the coil 
and attached to a spiral spring. The action of the current is balanced 
by that of the spring. Deflections proportional to the currents can be 
obtained up to an angle of 46°. This apparatus acts with alternating 
currents. With a fine wire coil and a special graduation, the spring 
ammeter becomes a voltmeter. These instruments are provided with a 
toothed wheel and pinion arrangement, by which the deflections of the 
needle are amplified. Both wheel and pinion are fitted with a spiral 
spring. This not only tends to prevent " back-lash " when both springs 
are in action, but tdso enables the constant of the instrument to be 
varied to a known extent by throwing one of the springs out of action. 
This mechanism has been applied to the ohmmeter and arc horse-power 
meter of the same inventors. These instruments are not yet in practical 
use. 

Sir l¥m. Tiiomson's absolute galvanometer 

(1882). — ^For commercial use. Consists of a magnetometer, which is 
movable along a horizontal graduated scale, and a directing magnet, the 
magnetic moment of which in C. G. S. units is known. The sensibility 
is varied by using or removing the directing magnet, and by placing the 
magnetometer closer to, or removing it farther from, the vertical coil 
through which the current passes. A potential galvanometer enables 

measurements to be made from TRoi& volt up to 1,000 volts without the 
use of auxiliary coils. The current galvanometer from ^-^rz of an ampere 

up to 100 amperes without using shunts, the correctness of which is 
always doubtful. 

The resustance of the first instrument is more than 6,000 ohms ; that 
of the other almost nothing. They may be set up on any circuit that has 
to be measured without disturbing it, and the measured quantities de- 
termined in volts and amperes by a simple arithmetical operation. The 
magnetic moment of the directing magnet should be frequently verified, 
and great care be exercised to keep it from shocks, jars, or vibrations, 
and far from the magnetic fields of dynamos, etc. 

Let H be the horizontal intensity of the magnetic field in C.G.S. units 
(either with or without the magnet), d the number of divisions on the 
magnetometer scale, n the number of divisions on the platform scale, E 
the difference of potential at the terminals of the instrument. The gradu- 
ations are so arranged that 

E = H-— volts. 
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•a 

In taking a series of readings the magnetometer is fixed, and — cal- 
culated once for all. Then, by multiplying d by this ratio E is obtained. 

BalistiC g^alvanometer.— When a certain quantity of 
electricity is instantaneously discharged through a galvanometer, if the 
resistance of the air to the movement of the needle be neglected, the 
quantity of electricity passing is proportional to the sine of half the angle 
of oscillation. The resistance of the air is reduced as much as possible in 
the balistic galvanometer. Ayrton and Perry have given it the following 
form: A high resistance Thomson's reflecting galvanometer has its 
needles removed and replaced by the following arrangement : 

Forty little magnets of different lengths are prep€u*ed, and after they 
have been magnetised to saturation, two little spheres are constructed 
with them, in each one of which all the magnets are arranged in the same 
direction. The spheres are built up of segments cut out of a little hollow 
ball of lead. Both spheres are joined together by a rigid rod, so as to form 
an astatic combination, which is suspended in the usual way. With 
this arrangement great sensibility is obtained, and the air only offers a 
very small resistance to the movement of the needles. It has been shown 
that the ratio of the first oscillation to the second is only one to 1*1695, 
which is sufficiently close to unity to enable us to take account of the 
damping effect produced by the air by a very simple correction. 

The extreme limit of an oscillation is called its elongation. 

Approximate correction for the resistance of the air.— Let a' be the first 
elongation, a" the second elongation, on the same side of zero, the 
approximate arc a which would have been obtained without the resistance 
of the air is : 

o' - a" 
a = a' + — 



Captain Cardei^'s ammeter*— This instrument consists 

in principle of two coils wound in opposite directions; one, of many 
turns of fine wife^ the other, of one or two turns of thick wire, acting in 
opposite directions on a magnetused needle, which is brought to zero by 
means of a directing bar magnet placed on the top of the coils. The fine 
wire coil is of some thousands of ohms resistance ; the coarse wire coil of 
about *02 to *03 ohm. The current to be measured is passed through the 
thick wire. The fine wire is put in circuit with a resistance box and from 
one to three standard Daniell's cells. The resistance box is then im- 
plugged, until the needle is brought to zero. Then, if 
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C = current strength to be measured, 

r = resistance of fine wire coil, 

B = resistance unplugged in resistance box, 

n = number of Daniell's cells, 

K= constant of the instrument, 

r + R 

To find K, the two coils, with a resistance box in circuit with each, are 
arranged in parallel arc in circuit with a dynamo or battery of very low 
internal resistance. A small resistance is unplugged in the thick wirQ 
circuit, and the resistance box in the fine wire circuit is unplugged, until 
the needle is brought to eero. Then : 

If r =:,^8istance of fine wire coil, 
R r= resistance unplugged in fine wire coil circuit, 
r' =1 resistance of thick wire coU, 
R':= resistance implugged in thick wire coil circuit, 

"" R' + r' 

In addition to the two or three turns of thick wire, these instruments are 
provided with a rectangle of thick copper bars, which acts as a coil for 
measuring very large currents. The fine wire coil and the needle move 
together in a groove, so as to be nearer or farther from this rectangle, 
the distance being observed on a divided scale. The value of K is de- 
termined for each division of the scale. This sliding action is but little 
used. This instnmient has the advantage of not changing its constant, 
which also can be readily determined at any time. If the Daniell's cells 
be carefully put up, its indications are very trustworthy, and may be 
taken as true within one or two i>er cent. Its disadvantages are the 
length of time necessary to take a reading, and its want of portability, 
owing to the use of Darnell's cells. "With care, however, it may be used 
as a convenient instrument for the calibration of others. 

Crompton and Kapp's current and potential 
indicators.— To avoid the trouble of constant re-calibration, neces- 
sary where permanent steel magnets or springs are employed as the 
balancing force in electriccd measuring instruments, Messrs. Crompton 
and Kapp have devised their potential and current indicators, in which 
electro-magnets saturated by the current which is to be measured, 
replace the i>ermanent steel magnets. Both these instruments consist 
essentially of a coil of wire traversed by the current, and capable of 
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deflecting a magnetic needle against the force of an electro-magnet. In 
order that an electro -magnet may suitably replace a permanent one, it is 
necessary that its iron core should be saturated with all the varying 
strengths of current for which the instrument is to be used, and also 
that the magnetic effect due to its coils alone should be neutralised. 



Fig. 24.— Flan of Field Magnets and Strip of Copper carrying the Cozrent in the 
Current Indicator. 

The first of these conditions is fulfilled by making the amount of iron 
in the magnets very small in comparison with that of the copper wire, 
and the second by setting the deflecting coil at such an angle with the line 
joining the poles of the electro -magnet, that while one component of the 
force due to it is employed to deflect the needle, the other more than 
neutralises the magnetic effect of the coils. As a result of this, the 
strength of the field actually falls off when high currents are being 
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measui^, thus allowing the increment of the angle of deflection to be 
oomparatively large, even for high currents. 

The potential indicator has a pivoted needle, swinging within a brass 
tube, which thus acts as a damper, rendering the instrument almost dead 
beat, and mounted at the lower end of a steel axle, to the upper end of 




Fig, 25.— Plan of Potential Indicator, showing the two slightly inclined 
Deflecting Coils. 



which is fastened a light aluminium pointer. The electro-magnet is of 
horse-shoe form, fastened to a central tubular stand, which also serves 
to support the two deflecting coils, one on each side; the tube within 
which the needle swings being inserted into the stand. The electro- 
magnets and deflecting coils are wound with from 50 to 100 ohms of high- 
resistance copper wire, and an additional resistance of Q^rman silver, nine 
tmies as great, is added. This can, however, be short-circuited by 
depressing a key when the instrument has to be used for measuring low 
electromotive forces; in this case, the value indicated by the pointer 
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must be divided by 10. For very low readings it is preferable to read 
with the key depressed, as, otherwise, the very low currents produced 
would be insufficient to saturate the iron. A commutator allows the 
current to enter in the right direction, so as to bring the pointer over the 
scale, the handle of the commutator then points to the positive terminal. 

The current indicators may have either pivoted or suspended needles. 
For measuring currents of 10 amperes and upwards, the deflecting coil is 
replaced by a single copper strip. The current entering by one of the 
flat electrodes splits into two parts, each part passing round the cores 
(wound with low-resistance wire) of an electro -magnet of horse-shoe 
form, the similar poles of which point towards each other. The 
current then unites again, and, after passing through the metal slip close 
under the needle, leaves the instrument by the second electrode, which is 
separated from the first by a narrow sheet of insulating fibre. The upper 
electrode is marked so as to allow the direction of the current to be 
easily determined. 

Both instruments should be placed in such a position that the north 
pole of the needle points to the north, though the error caused by neglect- 
ing this is inconsiderable. The defiections in both instruments are very 
nearly proportional to the currents, and as re-calibration is never required, 
the scale of the potential indicator is divided directly into volts, and that 
of the current indicator into amperes. For alternating currents, the 
magnetised steel needle is replaced by a needle made of soft iron. 

Ayrton and Perry's sprinir proportional am- 

and voltmeters* — ^These instruments also depend on the saturation 
of a small piece of soft iron by a smaller current than that likely to be 
measured. The directive force is obtained by a spring of peculiar form, 
formed of a flat ribbon of very thin metal, looking not at all unlike a very 
regular shaving cut in a lathe. This form of spring, when proper di- 
mensions are given to it as regards thickness of material, length of strap, 
and diameter of cylinder round which it is wound, rotates through a 
large angle for a very small axial extension without permanent set, 
and the angle of rotation is directly proportional to the force tending to 
extraid the spring. In the simplest form both am- and voltmeter consist 
of a hollow light iron tube closed at the bottom ; this tube ia suspended 
by the spring, the lower end of which is attached to the bottom of the 
tube. The tube is gpiided top and bottom, and to its upper edge is fastened 
a pointer; the whole is inserted in a coil of wire forming a sucking 
solenoid, the pull of the solenoid on the iron tube being proportional to 
the strength of the current passing (as soon as the iron tube is satmuted), 
provided the iron core has the position determined by the inventors, 
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and the angle of rotation of the spring, and therefore of the pointer, 
being proportional to the pull on the tube, the scale over which the pointer 
moves may (after the first few degrees) be made to show amperes and 
Yolts directly, and the same deflection will indicate one ampere or one 



Pisf. 26.— Unshielded Form of Ammeter and Voltmeter. 

AA, tbin soft iron tube carryingpointer p ; g, spring attached to bottom of tube, and to 
glass c iver ; ff, solenoid. Tlie figure shows the guiding pins at tup and bt>tti>ni uf 
the tube. 

volt at all parts of the scale. In order to avoid the labour of gradua- 
ting each instrument separately, a regulating coil is provided outside 
the solenoid, by which the instrument can be adjustM. As soon as the 
adjustment is made by the maker, the coil is immovably cemented in its 
place. The ammeter is wound with copper strip of the same width as the 
reel on which it is wound, the separate layers being divided from each 
other by a layer of varnished fabric. 

The scale of these instruments is very open, the readings being 
accurately proportional, between about 7° and 270^. The instnunents are 
found to be but little affected by the magnetic field of dynamo machines, 
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etc.) and may, indeed, be used nearer to such disturbing fields than the 
}>ermanent magnet instruments of the same inventors. In cases in which 
it is required to have instruments perfectly shielded from surrounding 
magnetic influences, Messrs. Ayrton and Perry have constructed am- 
meters and voltmeters depending on the action of the same kind of spring 
as that described above, but in these instruments the solenoid is replaced 
by a peculiar form of tubular magnet. So perfectly shielded are these 




Fig. 27— Shielded form of Ammeter and Voltmeter. 

AA, Iron tube suspended by spring ; oo. guiding pins : p, pointer ; bb, soft iron tul>e, 
parted at d by brass or other non-magnetic metal ; the wire is coiled on bb, dd, bb ; 
c, oater soft irxn tube ; xxxx, soft iron plates connecting inner and outer soft iron 
tubes ; KK, adjustable soft iron plug for adjustment. 

instruments, that, according to the inventors, they may be used standing 
on the field magnets of a powerful dynamo machine without introducing 
any appreciable error. The scale is not proportional, the divisions 
getting wider apart as the deflection increases, nor is the range so wide 
as in the solenoid form. The adjustment in these instruments is effected 
by a screwed soft-iron plug at the bottom of the tubular magnet. 



SHUNTS AND CUBOUIT SESISTANOE OOILS. 

Shanting' the g'alvanometer. — A circuit placed between 
the poles of a galvanometer, for the purpose of reducing its sensibility in 
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a certain known proportion, and to bring its deflections within the limits 



of the gradation, is called a shunt. To reduce the current to- 
value, the resistance of the shunt S ought to be : 



- of its 



G being the resistance of the galvanometer. 

Generally galvanometers are provided with a shunt box containing 
three shunts, which reduce its sensibility to the 10th, to the 100th, to the • 
1,000th, and of which the respective resistances are : 



G 



G 




9 ' 99 ' 999* 

The shunts are enclosed in a separate box ; 
Fig. 28 shows the arrangement generally 
used. 

Ulaltiplyliiirpoirer of a slimit. 

—The ratio of the current which traverses the 
galvanometer without a shunt to that which 
traverses the galvanometer with a shunt, the 
current traversing the whole circuit remaining 
the same. Calling this ratio m, 

G-fS 
»»= — - — • 

Pig. 28.— Gkdvanometer S 

Shunt Bjx. 

Resifstance of a slmnted 

iralvanometer.- Calling this Gi, then the law of derived currents 
gives 

^'- G + S 

When a galvanometer is shunted the value Gi then comes into the 
calculations if no compensating resistance be used. 

Compensatini: resistance. — When a galvanometer is 
shunted its resistance decreases, hence the current increases in strength ; 
to bring back the current to its former strength resistance must be 
inserted in the circuit, which is called compensating resistance, and of 
which the value Be is given by the formula 



GALVANOMETERS. 89 

n-l G2 



Rc = G 



G4-S 



A galvanometer of resistance G, with its shunt and its compensating 
resistance, may be considered as a galvanometer of the same resistance, 
but smaller sensibility. 

Constant of a g^vanometer in French nomenclature is 
the deflection produced by one Daniell's cell in a circuit of which the total 
resistance is equal to one megohm. By shunting the galvanometer to 

the —, if r is the internal resistance of the Daniell's cell, GK that of the 

shunted galvanometer, R a resistance introduced into the drouit, such 
that 

, + G. + E=iM?, 

the deflection of the galvanometer will be the constant.* In England 
the constant of a galvanometer means the number by which its indica- 
tions must be multiplied to reduce them to amperes, milliamp^res, or 
microamperes, as the case may be. 

Maxlmnm sensibility.— With a tangent galvanometer the 
maximum sensibility is at 46^. In measurements by the equal deflection 
method, the deflections must therefore be made about 45", In half 
deflection methods the best angles are 35^^ and 65**, for which the 
tangents, and consequently the strengths of the currents, are one the 
double of the other. In any kind of galvanometer it is as well to mark 
upon the instrument thi« angle of mflT-iTnimn sensibility. 

Tlieoreni of sensibility (H. V. Pieou).— The relation 
between a physical action y, and the reading on a graduated scale Xy 
may be written in the general form 

y = A/(^), 

A being a constant, and f(x) a function which depends on the mathe- 
matical theory of the apparatus. The sensibility of the apparatus S is 

* It woold be more soientiflc and more practical to define the constant 
of a galvanometer as the deflection prodaced by a cnrrent of one micro- 
ampere. The oalcnlation of current strengths would be much simplified by this 
method, especially with tangent galvanometers, in which the deflections are 
proportional to the current strengths. 



90 METHODS OP MEASUREMENT. 

equal at each instant to the ratio of f{x) to its diflferential coefficient 

g--/(^)_. y 

The TnayJi m iTn point of sensibility is arrived at by considering the 
function S, and particularly by taking the value of x, which gives the 
value zero to the differential coefficient of the function S. 

This theorem when applied to the tangent galvanometer indicates 
that its maYimnm sensibility is at 45°; for the sine galvanometer the 
sensibility increases infinitely, the maximum is at 90°. 

Formula of merit of a i^alvanometer.— This is the 

resistance of a circuit through which one DanielPs element will produce 
unit deflection on the graduated scale of a galvanometer. The circuit is 
formed of one Darnell's cell of resistance r, a rheostat B, galvanometer G, 
and shunt S : a deflection of d divisions is obtained. The resistance of the 
shunted galvanometer is Gi. 

GS 



Gi = 



CFHFS' 



the multiplying power m of the shunt is : w= — '^— . 

S 

Foi-mula ofmeiit = «w? (r -)- B + G^i). 
The formula of merit is larger as the galvanometer is more sensitive. 

Circuit refSistance coils* — ^Besistance coils, which are placed 
in the circuit of a calibrated voltmeter to increase the range of its indica- 
tions ; they have generally a resistance equal to 1, 2, 3 ... n times that 
of the voltmeter to which they belong. The readings made on the 
apparatus must therefore be multiplied by 2, 3, 4 ... w + 1, in order to 
obtain the value of the quantity measured. 

The sensibility diminishes in proportion to the number of coils 
introduced. These resistances, and the wire of the galvanometer, ought 
never to be allowed to heat, because the deflections would be reduced on 
account of the increase of resistance produced by heating. 

Calibration of a g^alvanometer.^This operation 
consists in tracing out a gradation proportional to the strengths of 
the currents which pass through the galvanometer. With a tangent or 
sine galvanometer calibration is not required ; it is only useful for appa- 
ratus for which the law of deflection is imknown. With any galvano- 
meter of resistance G the operation is as follows : First of all shunts 
are prepared for the galvanometer of f, J, J, etc,, and corresponding 
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compensatixig resistances. A circuit is then formed composed of the 
galvanometer, a constant battery, and a resistance box. First of all 
a shunt |, and corresponding compensating resistance, is inserted. 
Sufficient resistance is then added to bring the deflection to a suitable 
value : for example, P. The shunt and the compensating resistance is 
then removed, the current passing through the galvanometer is 
thus doubled; the deflection obtained corresponds to a double 
strength. The shunt }, and its compensating resistance, is then 
inserted. The resistance box is then adjusted to bring the deflection 
back to the originjd value, say V, The shunt, and its compensating 
resistance, is then removed ; the current is thus tripled ; the deflection 
obtained corresponds to three times the strength, and so on. The 
deflections are marked on the galvanometer itself, or on a reduction table. 
To bring these deflections within the limits of the scale, a resistance may 
be inserted in the circuit, or the galvanometer may be shunted, or the 
battery may be shunted ; but this last method makes the currents too 
large, and disturbs the constancy of the battery. 

Absolute calibration of a upalvanometer.— This 

operation consists in markiTig on the graduation of the instrument the 
current strengths in amperes corresponding to each deflection; it is 
especially used in commercial apparatus. The methods vary infinitely. 
One of them, based on electrolytic action, consists in causing a given 
current to pass through a decomposition cell, and the galvanometer to be 
calibrated for a certain length of time, t (seconds) ; keeping the deflection 
constant during the experiment, the quantity of electricity Q in coulombs 
which has passed through the decomposition cell, and the galvanometer 
deduced from the chemical action, enables us to calculate C from the 
relation : 

C = — amperes. 

Another method consists of introducing a perfectly fixed and known 
resistance It into the circuit of the galvanometer. The difference of 
potential between the two extremities of this resistance is measured by 
any suitable method, and C is deduced by Ohm's law. It is well to 
verify the calibration of a galvanometer often, as the calibration may 
change from moment to moment by the action of external or internal 
causes. This verification is made by the same means used for the 
original calibration. 

Thickness and resistance of galvanometer 
wire,; Sbape of tbe coils* — ^For very strong currents one 
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single turn of very thick wire is often used ; for thermo-electric currents 
twenty to thirty of wire of one millimetre in diameter ; the resistance is 
about a quarter of an ohm. 

Galvanometers of high resistance (Thomson's, etc.) have from 6,000 
to 10,000 ohms resistance ; the diameter of the wire is not more than 
one-tenth or two-tenths of a millimetre, and its length may be as great 
as 4,000 metres. Some galvanometers wound with German silver wire 
have as much as 60,000 ohms resistance; they give a deflection of 
200 divisions of the scale with a single DanielPs cell, and 20 megohms in 
the circuit. The use of German silver is advantageous, especially in 
differential galvanometers, because of the small variation of resistance 
produced by changes of temperature. Besistance is always a dis- 
advantage, but it is impossible to have a great number of turns of wire 
in a small space without a large resistance. 

All contact between the wires must be avoided, as it would prevent 
the action of the whole part interposed between the points of contact. 
Bad insulation of the wire disturbs the true value of the shunts, 





Tig. 29.— Form of the Coil in the 
Reflecting Galvanometer. 



Fig. 30.~Graded Galranometer. 



and renders the instrument useless for exact measurements. Copper 
wire ought to be carefully covered with white silk, and well dried before 
it is coiled; after a few layers have been coiled the coil ought to be 
again dried, and steeped in pure paraffin. 

The resistance of the wire as it is coiled ought to be frequently 
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compared with its calculated resistance. For a given length and thickness 
of wire there is a special form of coil which gives the maximum effect. 
Sir William Thomson has calculated this form for the reflecting 
galvanometer ; a transverse section of this form is given by the equation 

x^ = {cfly) ^ - yS. 

X being the ordinate in the direction parallel to the axis of the coil, a the 
distance O B ; O, the origin of the co-ordinates, the centre of the coil ; 
Fig. 29 shows the theoretical curve and its practical form. Part 
of the wire must necessarily be removed from the centre to allow space 
for the magnet. The thidmess of the wire ought not to be the same in 
all the layers. 

The sectional area ought to increase proportionally to the diameter 
at each point in order to give the best results. In practice three or four 
different thicknesses answer the purpose. In Sir William Thomson's 
graded galvanometer, one, two, three, or four parts of the wire can be 
used according to need, the necessary connections being made by means 
of a key ac^ which turns about the point c (Fig. 30). 

Measnrenieiit of currents in €• O. S. units hy 
the tang'ent i^lvanometer. — ^In the case of a galvanometer 
with a circular coil of which the needle is so short that the tangents 
of the angles of deflection are proportional to the current strengths : 

r the radius of the coil in centimetres ; 

n number of turns of wire ; 

H horizontal component of terrestrial magnetism (in dynes) ; 

C strength of current in C. G. S. units ; 

8 angle of deflection. 

Then, 

C=-^ X H tan i.G.S. units. 

And as 1 ampere =^^C.G.S. units, 

C = — ^ X H tan J X 10 amperes, 
ziryt 

f 
In England the ratio - — is called the constant of the galvanometer. • 

* Here again wa find ambiguity in consequence of badly defined expres- 
sions, as in France the constant of a galvanometer is the deflection produced 
by one Daniell's cell through a total resistance of one megohm. 
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Comparison of current strengtlis hy the ntetliod 
of oscillations {Latimer Clark) is carried out by means of a 
galyanometer or galvanoscope with a single needle. The galvanometer 
con is placed at right angles with the magnetic meridian, the needle is 
made to oscillate, and the number m of oscillations performed under the 
action of terrestrial magnetism in a given time (one minute, for example) 
is counted. A current of strength c is passed through the coil, and the 
nimiber of oscillations n during the same time is noted. 

The number of oscillations N is then counted with another current C. 
We have then the relation : 

_C _N2-m2 
c n^-m^' 

If the horizontal component of the earth's magnetism H be known, 
the first two experiments are sufficient, and we have, 

^ N2-w2„ 
C = — H. 



Indirect measurement of current strengtii*— (i) 

J9y Ohm's law. The difference of potential E between two points of the 
circuit separated by a known resistance B is measured, and Ohm's law is 
applied : 

This method is particularly suitable for the measurement of very 
strong currents which do not permit of a galvanometer being placed 
directiy in the circuit. 

(2) By the voltmeter. The current to be measured is caused to pass 
through a voltmeter or decomposition cell for n seconds. The volume of 
gas is observed or the deposit is weighed, and the number of coulombs Q 
is calculated by the electro-chemical equivalents. The current strength C 
is then given by the formula. 



II. ELECTBO-DYNAMOMETEBS. 

UlectrO'di/namometers depend on the mutual attractions and repul- 
sions of currents. They give indications proportional to the square of 
the current strengths, and consequently independent c^ the direction of 
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these currents. They are thus suitable for the measurement of alter- 
nating currents. As they contain no magnet, it is easy to make their 
indications independent of terrestrial magnetism. 

IWeber^s electro-dynamometer is composed of a fixed 

coil and an interior concentric movable coil, of which the axis is at right 
angles to that of the fixed coil. It is supported by a wire bifilar sus- 
X)ension, the wires of which conduct the current, and their torsion 
balances the mutual action of the coils. The deflection is read by means 
of a lamp, scale, and mirror. 

Joule^s electro-dynamometer. — The movable coil i^ 
suspended from a scale beam. It is horizontal, and is free to mover 
vertically. The fixed coil is below it. The planes of the turns of the two 
coils are parallel. The force exerted between the two coils is measured 
by the weight, which must be added to or taken from the scale pan 
suspended to the other end of the beam, and balancing the movable coil. 

Siemens and Halske^s electro-dynamometer, 

intended for practical work. The action of the current is balanced by 
the torsion of a bifilar suspension, hair or spiral spring. It is com- 
posed of a fixed coil, and a movable coil outside the fixed coil, and having 
only one single turn of wire. The directive action of the earth upon the 
movable coU may then be entirely neglected ; that of the fixed coil is 
proportional to the number of turns of wire. At each measurement 
the two coils are brought back into a position at right angles to each 
other, and the angle of torsion, which may be as much as 270^, measures 
the current. The sensibility increases with the current strength, since 
the torsions are proportional to the squares of the current strengths. 
The most complete form of this instrument has two fixed coils. One of 
the coils made of a thick wire is used for currents of from ten to sixty 
amperes ; the other coil for currents of from one-half to ten amperes. 



III. VOLTMETEBS. 

Up to the present time the measurement of current strengths by the 
voltmeter has been but little applied. This method is based on 
Faraday's law. A constant current of unknown strength C is caused to 
pass through a voltmeter or decomposition cell for t seconds. The 
volume of gas disengaged is measured, or the deposit produced by the 
passage of the current is weighed by means of the electro-Ghemiced 
equivalents. The quantity of electricity Q in coulombs which has 
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passed through the voltmeter is calculated. The value of C is then 
deduced from the formula : 

c = ^. 

This method is principally employed for the calibration of gal- 
vanometers. {See Measurement of electrical quantities.) 



MEASUREMENT OF RESISTANCES 

The methods of measuring resistances are very numerous, and vary 
with the kind of instrument at hand, the accuracy which it is desired to 
obtain, and the nature of the resistance to be measured. We will point 
out here the most simple and most commonly used methods. 



BESISTANCE OF CONDUCTOES. 

Substitution metllOd* — A constant battery, a galvanometer 
G and the resistance to be measured ar, are arranged in circuit. The 
deflection of the galvanometer is noted, and a resistance box is substi- 
tuted for X. The box is implugged until the deflection is the same as at 
first. 

If B be the resistance unplugged, we have x = "R. The accuracy 
depends on the sensibility of the galvanometer, the accuracy of the box, 
and the constancy of the battery. 

Bjr addition to a knonvn circuit.— A circuit of total re- 
sistance K, made up of a battery, a galvanometer, and a resistance box, 
gives a deflection 5. The resistance to be measured x is introduced, and 
the deflection becomes 5'. "We have then, 

t R ' 

Whence 



h and 8' ate not the angles, but the current strengths, corresponding to 
the deflections. They may be expressed in any arbitrary units. 

This method requires a calibrated galvanometer and a constant 
battery. 

liWheatStOne^S bridg^e* — The most convenient form for ordi- 
nary resistances is the Post-Office bridge box. When suitable resistances 



wheatstone's bridge. 
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have been nnplogged between AB and BC, the battery key is pressed 
down, resistances are unplugged in the box which nearly correspond 
to equilibrium, and the left-hand key, which corresponds to the 
galvanometer, is pressed down. The plugs are then taken out or put 
in, as may be required, until the needle of the galvanometer remains at 
zero. If the galvanometer is very sensitive, it must at first be shunted, 
and very quick blows be given on the keys, so as not to risk breaking 
the suspending filament. When equilibrium is obtained, the shunt 
may be removed from the galvanometer, and the circuit kept closed 
for a longer time. The figure below shows the arrangement of the 
circuits; K^ is the battery key (the right-hand key in the box), K^ the 
galvanometer key (the left-hand key in the box), x .the resistance to 
be measured, and AD the resistance box. According to the resistance 
of the galvanometer and the value of the resistances to be measured, 
different arrangements may be adopted for the ratio of the arms of 
the bridge, or the galvanometer may be placed where the battery usually 
is, and the battery in place of the gtdvanometer. 




Fig. 31.— Diagram of Wheatstone's Bridge. 

Resistance of gakanometer for maximum eentibility (JSchwendler), — The 
resistance G of the galvanometer which gives the greatest sensibility for 
a given arrangement of the bridge is : 

a •\- b -{• c -\- X 
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This formula allows a suitable galvanometer to be chosen when we 
know the sort cf resistances to be measured. 

measurenieiit of the resistance of a conductor 

lirllicll is pnt to earth* — The point D of the bridge is connected 
to earth ; one of the ends of the resistance x is connected to the point C, 
the other to earth. One of the poles of the battery is also connected to 
earth. Generally two different values are found, R' and R", according to 
whether a positive or negative current has been used, because of the in- 
fluence of the earth couple on the resistance to be measured. If the 
readings are taken quickly, we may take it that 

R' 4- R" 

xzn ' • 

2 

The resistance x then includes that of the conductor and the simi of 
the earth resistances. 

Resistance of overhead lines.— 7F%^ three lines are 

available, — ^Let ri, r^ and r^ be the resistances of the three lines to be 
measured. They are joined up successively, two by two, in circuit, and 
the combined resistances measured : 

ri + r3 = Ri; 

»*i + ''3 = 1^2 ; 

r2 + r3 = R3; 

We then have for the respective values of n, rj, r^ : 

Ri -^ R2 — ^8 . 
••>= "2 ' 

^1 "I" ^ ~ 1^2 . 

R2 + R3 - Ri 
r3= 2"~ • 

Ayrton and Perry^s ohmmeter.— Founded on Ohm's 

law and the measurement of R by the ratio ^' Two coils fixed at right 

angles act on one and the same needle. One of the coils, which is wound 
with thick wire, is placed in the main circuit ; the other, wound with fine 
wire, as a shunt between the two extremities of the resistance to be mea- 
sured. By making the coils and the needle of suitable proportions, the 
deflections are proportional to the resistances, and the measurement is 
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made by a reading on the graduated dial. The ohmmeter does away with 
the necessity for a galvanometer and a resistance box, and enables a con- 
ductor traversed by currents to be measured when hot without stopping 
the machines. 

J. Carpentier^s proportional iralvanometer.— 

Two coils arranged at right angles, and wound with the same number of 
turns of wire. In the centre a small needle and mirror. These coils are 
connected up in parallel arc. A known resistance being placed in the 
circuit of one of them, and the resistance 2; to be measured in the circuit 
of the other, the deflection of the needle read by means of the mirror 
shows the resistance directly. 

Measurement of tbe specific conductivity of a 

conductor.* — Is used especially for copper, of which the true con- 
ductivity at 0*^ is represented by 1. In order to find the specific con- 
ductivily of a given sample, the real resistance of this sample is measured, 
and the resistance from its dimensions which it ought to have at the 
temperature of the experiment, if it were pure, is calculated. Let Bfn be 
the measured resistance and Be the calculated resistance ; then, 

Be 
Conductivity =.^— • 
■Km 

The number given by the formula is always smaller than 1. 

Measurement of very IvLV^e resistances.— (i) A 

current from a battery of e. m. f . E is passed through a resistance a; so 
great that the resistance of the battery and galvanometer may be 
neglected in comparison with it. A deflection 9 is obtained so that 

11 the constant of the galvanometer is d^ we have : 

a; = E — megohma 

(2) n elements of e. m. f . E, the resistance to be measured x, and the 
galvanometer G, are arranged in circuit. A certain deflection Z is 

* Ck>ndactiyities are often expressed by taking the condactiTity of jHire 
copper at 100. In this case the number which represents the conductivity 
relatively to pure copper taken as unity, must be multiplied by 100. 
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obtained.. The same deflection is then obtained with n' elements, and a 
rheostat, the galvanometer being shunted to the — • 
Then : 

a;= ^ ftiR. 

If - = 100 and m •= 1,000, x = 100,000 R. 

This method is used for the measurement of the insulation of tele- 
graph lines. 

Measurement of veiy lour resistances.— With very 

low resistances, bad contact affects the result in the usual methods. For 
these measurements Thomson^ s bridge is used. In the figure, x is the 




Fig. 32.— Measurement of very Low Besistancas. 

resistance to be measured between the points M and N ; / is a graduated 
wire of which the resistance is known, a and a two equal resistances, 
b and b two equal resistances, G is a sensitive galvanometer, B the battery. 
The points P and Q are shifted until the galvanometer comes to zero, then 

x=zl 

BBSISTANOB OF GALVANOMETEBS. 

Hall deflection metbod* — A constant battery of small 
resistance is used. A resistance box, battery, and galvanometer of re- 
sistance G are placed in the same circuit. A resistance B is introduced 
into the circuit, and this resistance is increased up to a value Bj, such 
that the current strength is reduced to one-half ; we have then, 

G = Bi - 2B. 

This method requires a calibrated galvanometer. 
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Equal deflection metbod. — ^With a low resistance con- 
stant battery and non-calibrated galvanometer. The galvanometer G, 
the battery E, and shunt S, and resistance box B are arranged as shown 
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Fig. 33.— Equal Deflection Method. 

in the figure. The resistance R gives a certain deflection of the galvano- 
meter ; the shunt is removed, and the resistance B is increased up to a 
value Bi, such that the deflection becomes the same as in the first case. 
Then: 

Sir William Tbomson^S metbod, which is independent 




Fig. 84.— Thomson's Method. 

of the resistance of the battery. The Wheatstone bridge is arranged as 
shown in the figure. The resistance box B is then varied until the 
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deflection of G does not change, when the short circuit key between B and 
D is closed, then 

a 
G = R— . 





INTEBNAL BBSISTANOE OF BATTEBIES. 

Half* deflection metbod* — ^Applicable to batteries without 
sensible polarisation. The battery of unknown resistance r, a galvano- 
meter of resistance G, and a resistance box are arranged in one circuit ; a 
resistance B is unplugged, giving a deflection a, this resistance is then 
diminished until the deflection is 2a. If B' is this second resistance, 

r = B-(2B' + G). 

a and 2a must be replaced by their corresponding sines or tangents, 
according to the kind of galvanometer used. 

Sir ITiUiam Tilomson^S metilOd.— Applicable to bat- 
teries without sensible polarisation. The battery of resistance r, 
galvanometer G, and resistance box are placed in circuit; such a 
resistance B is then unplugged as will give a deflection easy to be read, and 
at the point of good sensibility of the galvanometer. A shunt of resistance 
S is then put between the poles of the battery, and the galvanometer is 
brought back to the same deflection by diminishing the resistance in the 
box to a value Bi, then 

Bi + a 
This method may be used with a non-calibrated galvanometer. 

Differential i^alvanometer metbod {Latimer Clark), 
— Gtdvanometer with a short thick wire. The current passes through 
one of the coils of resistance G, the needle is deflected through an angle 
a, and the current is then passed through both circuits, and the galvano- 
meter is brought back to the same deflection by the introduction into the 
circuit of a resistance B, then 

r = B. 

This method can only be applied to constant batteries. 

Measurement of internal resistance of batteries 
urben an even number of absolutely identical ele- 
ments is at band* — ^They are put up in two series groups, with the 
same number of cells in each group. These groups are then connected in 
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opposition. The e. m. f s. balance each other, and then the total resis- 
tance is measured in the same way as that of an ordinary conductor by 
any known method. (Substitution, Wheatstone's bridge, etc.) 

Method hy means of tbe electrometer, con- 
denser, or g^alvanometer of ver^ bigb resistance. 

— ^The electrometer, the condenser, or the high resistance galvanometer is 
connected to the two poles of the battery, which is otherwise on open 
circuit, so as to measure the difference of potential either by a discharge ' 
method or by a direct reading ; the system is then shunted by a known 
resistance until the difference of potential is reduced to one half, the 
resistance of the shunt is then equal to that of the battery. Only 
applicable to constant batteries. 

Mance^S metbod, one of the best, as it only requires the 
battery to be constant during the short interval during which the key is 
closed. 

A Wheatstone bridge being arranged, as shewn in the figure, with a 




Pig. 35.— Mance's Method. 



short circuit key between B and D, the arm AD is adjusted, until on 
pressing down the key the deflection of the galvanometer does not 
change, then 

If the arms a and b are equal, the formula is simplified, and becomes 

r = E. 
Siemens^ metbod requires a continuous rheostat, or a sliding 
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contact resiBtance box. Two points B and Bi, in the resistance AC, are 
found such that the deflection of G does not change ; in this case 

The galvanometer ought to be of smaller resistance than the battery, and 
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Fig. SG.^Siemens* Method. 

sufficiently sensitiYe to allow B to be made fairly small without reducing 
the deflection too much. 

Mllliro^S IIiettaod«-^B is a battery of which the internal r is to 
be measured, C a condenser from i to 1 microfarad, S a shunt, and 
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Pig. 37.— Munro's Method. 



G the galvanometer ; Ei and Es keys. Ei is pressed down, and the 
deflection of the galvanometer di is observed ; keeping the key Ki pressed 
down, K2 is pressed down, and the deflection d^ in the opposite direction 
is observed; then 

_ d^ 

"" di'-d2 



This method is one of the best in practice, as it is applicable to all 
batteries. 



INSULATION OP OVERHEAD LINES. 105 



INSULATION OF OTEBHEAD LINES. 

Oeneral measuremeilt*— A tangent galyanometer of resis- 
tance G, a battery, and a fixed resistance of say 1,000 ohms, are 
put up in circuit ; the deflection 9 is observed ; this is taking the constant 
of the galyanometer; then the resistance box is removed, and the free 
pole of the battery is connected to earth, and one of the ends of the line 
to the galvanometer, the other end remaining insulated. A second deflec- 
tion H' is thus obtained ; the insulation resistance of the line B< is then 

Bi = 1000 X |- 

In order to make the influence of the earth current negligible it is as 
well to use from thirty to forty Daniell elements in series. 

Insulation per mile* — ^If the line is n miles long, the insu- 
lation per mile is "Rfn, In good conditions the insulation per mile ought 
not to be less than 300,000 ohms. (See Fourth Part.) This method of 
calculating the insulation per ndle is not very correct, because it supposes 
that the leakage is identical at every point of the line. The measurement 
may be made more correctly by taking into account the resistance G of 
the galvanometer, and resistance r of the battery; * the formula is then 

E, = (1000 + r + G)|,-(r + G). 

When a great number of lines have to be measured at once it is useful 
to arrange a double entry table, in which is noted the insulation 
resistance for all values of 8 and if. 



MEASUREMENT OF POTENTIALS AND 
EliECTROMOTITE FORCES. 

The difference of potential between two points of an electrified circuit 
is measured directly or indirectly. The direct measurement is obtained 
by a special class instrument, the electrometer. There are a great number 
of indirect methods which enable these measurements to be made. All 
galvanometers, for example, which in reality only measure current 
strength, may also be used for the measurement of potentials or electro- 
motive forces. 

* r is the resistance of the ivhole battery, not that of one element. 
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ELEOTBOMETEBS. 

Electrometers belong to two classes, according as they are based upon 
(1) electrostatic actions, or (2) electrO'Capillary actions. When they only 
show differences of potential they act as electroscopes; when they measure 
these differences they are electrometers, 

Electroscopes. — ^The best known is the gold-leaf electroscope. 
It is composed of two strips of gold leaf from 8 to 10 centimetres long by 
2 broad, suspended in a glass globe by a rod of metal terminated by a 
plate of brass, which, when it is electrified, causes the gold leaves to 
diverge; in Bohnenberger*s electroscope there is only one gold leaf sus- 
pended between two bodies; one charged with positive and the other 
with negative electricity. These instruments are very sensitive, but are 
not much used for the purposes of measurement. 

Bepnlsion eleetrowaeieT^^—Cavendish's (1771-1781) and 
Lane's (1772) may be used for rough measurements ; the first true electro- 
meter is Coulomb^ s torsion balance (1786). In Milner*s and Peltier* s electro- 
meters the torsion thread is replaced by a magnetised needle whidi 
produces the directive force; the same device is used in Kohlrausche's 
apparatus. These instruments are not much used now, being replaced 
by Sir W. Thomson's absolute and quadrant electrometers. 

Sir IFilliam Ttaomson^s absolute electrometer. 

^Based upon the attraction of two electrified discs arranged parallel to 
each other. One of the discs of known dimensions is surrounded by a 
guard ring, which causes the charge upon the disc to be uniformly 
distributed as if it had no edges. One of the discs is suspended by 
springs; a micrometer screw is so regulated that the disc remains 
suspended a little above the guard ring when no part of the apparatus is 
electrified. 

Idiostatic method. — ^The two plates are connected with the two bodies, 
the difference of potential between which is to be measured. The 
movable plate is then raised up until it takes up its original position, 
which is observed by means of a stretched hair and two fixed marks. At 
this moment the force of the springs and the attraction between the two 
discs balance. Calling Y the potential of one of the plates, and Y' that of 
the other, the difference of potential is given by the formula 
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D, distance between the plates. 

F, electrical attraction equal to the effort of the springs which 
balance it. 

A, mean area between the surface of the suspended disc and the 
opening of the guard ring. 

This method of using the absolute electrometer is an idiostatic 
method, because no external charge is introduced. It is necessary that 
the exact distance D between the two discs should be known. 

Heterostatic method. — In this method the two plates are insulated; 
the upper one is charged to a high and constant potential. The constancy 
is verified by the aid of an accessory electrometer or gauge, and tMs 
constancy is maintained by means of a replenishery which re-charges the 
disc. The lower plate is alternately connected to the earth and to the 
body of which the potentitd is to be measured. The difference of 
attraction in the two cases gives the difference of potential between the 
body and the earth, that is to say, the potential of the body. 

The formula then becomes, 

V-V'=(D-D')/\/^- 

y - Y' is the difference of potential between the earth and the 
electrified body ; D - D' the difference of the readings of the screw of 
the lower plate, which may be observed with perfect accuracy without 
introducing the absolute distance between the plates ; very great correct- 
ness is thus obtained. 

Sir IFUliam Tbomson^s quadrant electrometer 

is composed of a needle in the shape of a figure 8 suspended by means of 
a bifilar suspension between four horizontal metallic quadrants, which 
are electrically connected together diagonally two by two. The needle is 
kept positively charged by means of a Leyden jar, and its charge is kept 
constant. {See Heterostatic method, Gauge, and Beplenisher.) One of 
the pairs of quadrants is connected to earth (potential =: by definition), 
the other is connected to the body, of which the potential is to be measured. 
The deflection is a function of the difference of potential. According to 
the form of the needle, and the relative dimensions of the quadrants and 
the needle, the deflections measured in degrees are proportional to the 
differences of potential up to 3° in general, and up to 10° when the 
instrument is well constructed, and is used under good conditions. The 
readings are made on a curved scale by means of a lamp and mirror. The 
best type, besides the gauge and replenisher, is furnished with an arrange- 
ment by which the directive force can be varied, and by which it may be 
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observed whether this force remains constant after it has been adjusted ; 
and an induction plate, which diminishes the sensitiveness of the instru- 
ment. In measuring high potentials the induction plate is connected to 
the electrified body. The potential induced by this plate, which is small 
and f ai* from the quadrants, is thus measured. 

liaiv^ of defiectlon of tbe quAdrant electrometer 

( Clerk' Maxwell) . 

M = K(A-B)[0-^(A + B)]. 

M, moment of the couple which turns the needle. 
A and B, respective potentials of the two pairs of quadrants. 
C, potential of the needle. 
K, constant of the instrument. 

If A and B are equal potentials of contrary signs, the electrometer 
becomes symmetrical, and the equation is reduced to 

M = K(A-B)C. 

Mascart^s symmetrical electrometer.~A simplified 

form of Thomson's quadrant electrometer. It is used by the heterostatic 
method. The needle is connected to the body of which the potential is to 
be measured ; each pair of quadrants to one of the poles of a chloride of 
silver battery of twenty to forty elements, of which the middle is con- 
nected to earth in order to give equal charges of contrary signs to the 
quadrants ; the apparatus is then symmetrical. This method is used for 
observing the atmospheric electricity at the observatory of Montsouris. In 
the arrangement adopted by M. Mascart the moment M which turns 
the needle is nothing when 

C=|(A + B). 

lilppmaim^s capillary electroineter.~Avery sensitive 
instrument intended for the measurement of very small e. m. fs., based 
on the variations which the capillary depression of mercury undergoes 
under the influence of an e. m. f. In the latest form designed by 
M. Lippmann the depression caused by the e. m. f. is balanced by a 
pressure exerted on the mercury by means of a pneumatic arrangement. 
The height of the mercury is read by means of a microscope, and is 
brought back to the same point at each experiment. The value of the 
pressure exerted measured by a mercury pressure-gauge gives the e. m. f . 
The instrument is most sensitive between zero and one half Daniell. It 
will show ^0^ of a Daniell. Its indications are very quick, and enal^e 
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fhe variations of an electrical phenomenon of short duration and yarying 
with time to be observed (loss of charge of a condenser of a secondary 
battery, etc.)> Its great sensitiveness enables it to be used in all zero 
methods (Wheatstone's bridge, etc.). 

Debmn^s capillaiy electrometer.— The essential part 

is a capillary tube one millimetre in diameter, arranged almost horizontally, 
in which the mercury is displaced under electrical action ; it is sensitive 
enough to show the ^^rxiWir ^^ ^ ^o^^* I^ ^ graduated by means of zinc- 
cadmium elements, of which the e. m. f . is '281 volt. 

Ayrton and Peny^s cylindrical spring electro- 
meter* — For the measurement of potentials above 500 volts. On 
the same principle as the quadrant electrometer. In this instrument 
the quadrants are quarters of an elongated cylinder, and the needle, 
two cylindrical plates attached to a vertical axis ; a spiral spring balances 
the torsion produced by the attractions due to the charges of the two pairs 
of quadrants which are joined to the two points, the difference of 
potential between which is to be measured. The torsion of the spring 
measures the difference of potential. It is used by the idiostatic method, 
by joining the movable cylinder to one of the pairs of quadrants. It 
enables the e. m. f. of alternating current machines to be measured, 
which cannot easily be done by electro-dynamometers, because of 
self-induction. The instrument is portable and fairly dead-beat, the 
movable cylinder having a small moment of inertia. 



INDIBBOT ICBASUBBXENT OF DrFFBBENGBS OF POTBNTIAL. 

We will go over the principal indirect methods of measuring the differ- 
ence of potential D between two points A and B. 

Oraduated galvanometers or voltmeters. — 

If we have a galvanometer, of which the function which connects current 
strengths to the deflections is known, and of so high a resistance, that if 
it is connected as a shunt between the points A and B, so small a current 
only passes through it that the flow of the current in the rest of the 
system is not sensibly altered ; Ohm's law enables us to deduce at each 
instant the difference of potential between the points A and B from the 
strengtii of the current which passes through the galvanometer. In 
practice voltmeters are constructed with a redstance of several thousand 
ohms, and they are graduated directly in volts. Measurement is thus 
reduced to a direct reading. The galvanometers of Sir William Thamsotif 
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Mareel Deprez, Ayrton and Perry, etc., are thus constmcted, and are 
used in practical measurements of machines, motors, and lamps. 

Opposition method. — A sensitiTe galvanometer, and n ele- 
ments of e. m. f . E in series, are arranged between the points A and by 
so as to send a current in the opposite direction to that which would flow 
through a conductor connected to the two points A and B ; n is then 
varied until the galvanometer comes to zero, or the deflection changes 
signs according as there are noTn-\-\ elements. Then, 

The error cannot be greater than -g-, which is generally sufficient in 
practice. 

Partia.1 opposition metllOd. — ^Two resistance boxes, B 
and B' (Fig. 38) , of so high a resistance as not sensibly to alter the difference 
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Fig. Sa— Parfclal Opposition Method. 

of potential, are placed between A and B. A galvanometer G. and a 
battery nE are arranged as shown in the diagram. B and B' are then 
varied until the galvanometer comes to zero. Then, 

^ „B + B' 
D = »E-^ — 
B 

The opposition methods have the advantage of not polarising the 
standard battery, thus giving more exact measurements, the galvano- 
meter only acting as a galvanoscope. 

Condenser metilOd. — This method is identical with that 
employed in measuring the e. m. f . of batteries, which we will describe 
later on. 

E. X. F. OF BATTEBIEa 

The e. m. f. of a battery is equal to the difference of potential 
between its poles when the battery is on open circuit. For want of 
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a standard of e. m. f ., the e. m. f . of a battery is measured by comparison 
with that of another battery taken as a unit; it is then expressed in 
practical units or volts by multiplying the result by the e. m. f . of the 
standard which has been used. 

Equal resistance metliod.— A battery of intiemal resis- 
tance r, of which the e. m. f . is to be measured, a galvanometer G and 
a resistance box B, are arranged in circuit. B is varied so as to obtain a 
deflection within tiie limits of the graduation of G, the strength of the 
current is then C. The battery is replaced by the standard, and K is so 
varied as to make the total resistance of the circuit the same as in the first 
case ; the current strength is then C, whence, 

E_C 

According to the nature of the galvanometer C and C are expressed 
by the tangents or the sines of the deflections. 

When the resistance of the galvanometer, together with the resistance 
B, is very large compared with the internal resistance of the batteries to 
be measured, there is no necessity to equalise the total resistance in the 
two experiments. This is the case, for example, when the total resistance 
of the galvanometer and the box exceeds from 20,000 to 25,000 ohms. 

Equal deflection metbod is used when the galvanometer 
is not calibrated; the standard E, galvanometer G, and the box are 
arranged in circuit; the box is adjusted so as to have a convenient 
reading on the galvanometer. Let B be the total resistance ; the standard 
is replaced by the battery to be measured E', and the galvanometer is 
brought back to the same deflection; the total new resistance is B, 
whence, 

E_B 

E'""B'* 

The internal resistance of the elements may be neglected in comparison 
with that of the galvanometer G, and the resistances B and B' introduced 
into the circuit when these resistances are large; the formula then 
becomes, 

E_B + G 

E'^B' + G 

Wiedemann's metbod.— Let E be the e. m. f . of the standard 
battery and E' that of the battery to be measured. The two batteries, a 
galvanometer, and the resistance box are placed in circuit. Let d be the 
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deflection ou the tangent galvanometer due to the sum of the two e. m. fs. 
The weaker of the two batteries is then reversed so as only to have 
the current due to the difference of the e. m. fs. Let di be the new de- 
flection: then, 

■E d + di 

TSi'^d — di 

THieatStone^S metbod.— A battery of e. m. f . E is introduced 
into the drcuitof a galvanometer Q- and resistance box B, a certain de- 
flection a is then obtained, then a new resistance p is introduced so as to 
obtain a smaller deflection B. The battery is then withdrawn, a battery 
of e. m. 1 E' is substituted for it, the resLstance box is adjusted so as to 
bring the deflection back to the value a, obtained by the first battery. A 
resistance p is then added so as to bring the deflection back to the value 
B ; then, 

E_^ 

This method does not require a calibrated galvanometer, and is indepen- 
dent of the internal resistance of the elements. 

liacoine^S method. — Two batteries of e. m. f . £ and E' are 

arranged in series, and a galvanometer G (Fig. 39) arranged as a shunt 
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Fig. 39.— Laooine's Method. 

between the points A and B. Between E and the point B a certain 
resistance B is introduced, and the resistance B' is adjusted until the 
galvanometer comes to zero ; then, 

E__B 
E'""B'' 

supposing the resistance of the batteries to be negligible as compared with 
B and B'. When these resistances are so large that they must be taken 
into account the method is thus modified : 
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A first experiment is made with the reristances B and Wy then B 
is changed by giving it a smaller value ^Iti, and W is adjusted so as to 
bring the galvanometer back to zero, the new value of B,' is B'l ; then, 

E_ B-Bi 
£j E' — B 1 

If the internal resistance of the elements is known this second operation is 
not needed. Calling the internal resistances r and r' the formula then 



E_ B + B 
£'"■&' + / 

PoggendorflTs methad*— A zero method. The batteries of 




Pig. 40.— PoggendorflPs Method, 

a m. f . E and E' are arranged as in Fig. 40 ; B and B' are adjusted until 
there is equilibrium ; then, 

E_ B + B^ + r 

E'"" B 

In this method of measurement the battery E' produces no current, 
and does not polarise. The battery E ought to be constant, and be formed 
of a sufficient number of, say, Dauiell elements, that E may be greater 
than E'. The internal resistance r of the battery E comes into the above 
equation. It may be eliminated by making two experiments, the first 
with the resistances B and B', and secondly with smaller resistances Bi 
and B.\ ; the formula then becomes, 

E _ (B -B i) + (B^B'i) 
E'~" B-Bi 

Clark^S potentiometer* — ^Bequires two galvanometers and 
three batteries, the standard, the battery to be measured, and an auxi- 
liary battery. It has the advantage that the standard and the battery 
to be measured are compared under the same conditions, no current 

I 
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passing through either of them. Thus errors produced by polarisation 
which are introduced into most other methods, are avoided. 

In the above diagram B is a coil of bare wire, made of platinum and 
iridium alloy of 40 ohms resistance, making 100 turns round an ebonite 
cylinder, turning on an axle like a Wheatstone's rheostat. The two ends 
of the wire are attached to the extremities A and B, which serve as pivots. 



Pig. 41.— Clark's Potentiometer. 

P is a battery of a few elements joined also to the blocks A and B, 
which sends a continuous current through B ; the rheostat enables the 
total resistance in this circuit to be varied. The standard is at E joined 
to the points A and B with a galvanometer interposed at G, which must be 
brought to zero ; this may be easily done by varying the rheostat. The 
battery E' is joined to the point A by one of its poles, the other pole is 
joined to a second galvanometer G', and a contact », which slides on the 
resistance. The x>oint of contact n is moved along the resistance B 
until the galvanometer G^ comes to zero. Calling the two parts of the 
resistance B on each side of the contact a and b, when G' is at zero, 
we have, 

E _ a + b B 

E' » »* 

The resistance B being graduated, the ratio is read directly on the scale. 
The error in this method is less than the i.ooo.ooo^ of a volt. 

When the battery to be measured is stronger than the standard they are 
interchanged, the standard is put at E' the battery at E, and the experi- 
ment is made as before. It is only necessary to substitute the letters one 
for another in the formula when the elements have been exchanged. 
Prof. Adams has justly remarked that the galvanometer G' is useless, 
because the galvanometer G being at zero for a certain value of the 
rheostat, its equilibrium would be disturbed if the slider n were in any 
other position than that for whieh the galvanometer G comes to zero* 
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liBlV^S method* — One and the same condenser is charged suc- 
cessively by the two batteries which are to be compared ; the ratio of the 
charges shows the ratio of the e. m. fs. The charges are measured by 
means of a balistic galvanometer, or a galvanometer with a suspended 
needle. The angle of impulse is almost proportional to the e. m. f., or, 
more exactly, the e. m. f . is proportional to tiie sine of half the angle of 
impulse, but when the deflection is not too great the e. m. f. is practically 
proportional to the angle. By shunting the galvanometer the e. m. f . 
of a whole battery may be obtained in terms of a single standard element. 
In this case the impulse produced by the standard element is observed, 
and the galvanometer is shunted until the whole battery gives the same 
impulse ; then, if S be the resistance of the shunt, 

If the angles of impulse are not equal, calling that produced by the 
standard 5, and that produced by the battery 5', we have 

E' =: — — ' — - E : 
8 S ' 
or more correctly, 

sm-J 

Correction for the resistance of the «4r,— After having observed the first 
impulse the scale is carefully watched, and the point to which the spot of 
light comes on the second swing is also observed. One quarter of the 
difference between the two readings is eidded to the first reading in order 
to correct for the resistance of the air. 

Opposition method* — n elements of known e. m. f. E are 
opposed to n' elements of unknown e. m. f., E' interposing a galvano- 
meter, n and n' are then varied until the galvanometer comes to zero ; 
then, 

«E = w'E'. 

If n elements give a deflection 8 on a galvanometer on one side of zero, 
and n -)- 1 elements a deflection ^ on the opposite side, then, 

« — — -B = w'E'. 
5+5' 

From which the value of E' may be found. 
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ymiUmeter9^ — On accoont of flie tendencj of flie gases to 
distolTe in addnlated water and other seooodaiy phenomena, the gas 
▼oltmeter is not rery oorrecty and is but rerj litde nsed, and we onlj 
notice it for the sake of oompletenesB. 

EleCtroljtiC cells.— The metal deposited hj a cmrent in a 
giren time ii wdghed, and the number of conlombs ii deduced hj the 
electro-diemical eqniralent. The solutions most used are sulphate of 
copper, sulphate of zinc, and nitrate of sihrer. 

M. ICascart has made some experiments with a 15 per cent, solution 
of nitrate of silrer and a 10 per cent, solution of sulphate of copper. 

EdiSOn^ft meters* — Sulphate of copper was used in the first ; 
in the later ones, sulphate of zinc. It is set up in a derived circuit, so 
that only y^gth or n^th of the total current passes through it. The 
zinc solution contains 90 parts by weight of pure sulphate of zinc dis- 
solved in 100 parts of distilled water ; its density at 18^ ought to be 1*33 
(FrancU Jehf). The zinc plates are weighed once a month, and the 
number of coulomlw is deduced from this weight by remembering that 

1 amph-v how deposits 1,228 milligrammes of zine. 

In another instrument of Edison's weighing is dispensed with. An 
automatic arrangement causes the plates to tip over as soon as they have 
gained a weight exceeding a certain weight ; the connections are changed, 
the plate which was the cathode becomes the anode, and reciprocally 
until the apparatus tips over the other way. A counter registers the 
number of movements produced during a given time. The total nimiber 
of coulombs is deduced from this number by a very simple calculation. 
The apparatus is rather complicated. 
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Edison's and Ayiton and Peny's coulomb meter. 

— The principle of this instniment is to use an electromotor so arranged 
that its speed is proportional to the strength of the current passing 
through it. This motor turns a fan immersed in hquid. The resistance 
to the movement being thus also proportional to the speed, if the number 
of revolutions performed by the apparatus during a given time be 
registered, the number of coulombs which have passed through it can be 
found. It has not yet been used in practice. 

Temon-Boys' integrating^ meter.— This apparatus is 
an integprator which gives directly for any time ^ by a simple reading : 

fat. 

It has not yet been used in practice. 

measurehient of capacity. 

Capacities are measured by comparing them to those of standards, 
which in general vary between \ and 1 microfarad. In practice these 
measurements are only applied to submariue cables, so we will only point 
out here a general method, reserving the explanation of special methods 
for the sections on cable measurements. 

Electrostatic capacity of condensers.>-A standard 

condenser of known capacity e is charged by means of a battery of given 
e. m. f., and discharged through a balistic galvanometer. Let a be the 
deflection. A condenser of capacity e^ is then charged with the same 
battery. It is discharged, and a eecond deflection ax is obtained ; then, 
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Si 

It is convenient to use Sabine^s key in these measurements, taking 
care to adopt a uniform time of charging and a certain interval before 
discharging. 

For capacities varying between \ and 1 microfarad, Dr. Muir- 
head recommends to charge for 15 seconds, and to allow an interval of 1 
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seconds between the charge and discharge. A cable of 1,000 knots 
requires a charge of 5 minutes and an interval of 10 minutes. 

MEASUREMENT OF ENEROY. 

Energy is measured in different ways, according to the nature of the 
phenomena to which it gives rise and the formsr under which it manifests 
itself. There are many classes of instruments, which are called : 

CaloHmeterSy when the energy appears under the form of heat. 

Dynamometers^ when it appears under the form of mechanical work. 

Ergmeters, when it appears under the form of an electric current. 

The electrician has very seldom to use calorimetric methods, but it is 
as well to describe one method here for observing the heat produced in a 
wire through which a current is passing. A vessel is taken which contains 
a known weight of oil (in grammes), it is carefully closed and enveloped 
in several thicknesses of flannel or felt, to prevent loss of heat by radiation, 
the wire is placed in the vessel, and being immersed in oil it is insulated ; 
the temperature ^i of the oil is observed, the vessel is closed and placed in 
its envelopes and the current allowed to pass for a time T ; the vessel is 
then opened, and the temperature of the oil h rapidly observed ; then if « 
be the specific heat of the oil, the total quantity of heat H produced in the 
time T is 

H = (^2 — ti)8 calories (g.-d.), 

if t\ and ti be observed in centigrade degrees. 

DTNAMOMETEBS. 

Classification.— JJn<di&c the name of dynamometers are included all 
apparatus which measure the work produced or absorbed by a machine ; 
hence there are two distinct classes: (1) Absorption dynamometers or 
dynamometer breaks, which measure the work produced ; (2) transmission 
dynamometers, which are interposed between the motor and the machine 
which it drives, and which measure the work ex}>ended. These instru- 
ments are interesting to the electrician on account of their importance 
in testing dynamo machines and electromotors. We will describe the 
forms of apparatus most generally used. 

Absorption dynamometers. — The simplest and best 
known and most used is the Frony break. It has been improved by 
jippoldt, Kretz, Easton and Anderson, Amos, Emery, Brauer, Marcel 
Deprez, J. Carpentier, N, Raffard, Bramwell, etc., who have made the 
apparatus easier to handle, and enabled us to obtain a certain propor- 
tionality between the coefficient of friction and the resistance, i,e, an 
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automatic regnlation of the instminent. There are seTeral simple forms : 
A cord may he passed over a pulley and attached to the groimd at one end 
by a spring balance, the other end carrying a scale pan, the reading 
on the balance minus the weight in the pan multiplied by the radius 
of the pulley, its circumference and the speed, gives the energy. Let 
B be the radius in feet, W the reading on the balance, W^ the weight 
in the scale pan in x>ounds, and S the speed in revolutions per minute, 
then 

Activity = (W — W) 2irrS foot-x>ounds per minute. 

Ayrton and Ferry use two scale pans, the cord passing over the pulley 
being partly of thin smooth cord and partly of thick rough cord spliced 
together, the heavier weight being suspended from the thin cord, so that 
if the heavier weight tends to rise, the thinner cord comes on to the pidley , 
and thus diminishes the friction, and thus prevents the weight from being 
thrown over the pulley. The varying quantities of thick and thin cord 
form a sensitive self -adjustment of considerable range. 

Transmission dynamometers.— There are a great 
number of these based on different principles. (1) The difference of 
tension of the two parts of the belt driving the machine is measured, and 
its speed of rotation. From this the work is deduced, after corrections 
for friction, slipping, elongation of the strap, etc. This class includes 
the dynamometers of Froude, Farsotnty Tatham, Farcot^ etc. 

(2) The difference of rigidity of the two parts of the strap is measured, 
and from it the difference of tension is deduced. The typical instrument 
of this class is that of Hefner -Altenech^ and the modifications of it intro- 
duced by Briggs, Elihu Thomson, and Hopkinson, 

(3) The motive effort is transmitted to the machine directly by 
means of a spring, and the value of the effort is measured, which, 
multiplied by the speed, gives the work. These instruments are some- 
times supplied with a counter which registers the sum of the work 
produced during a given time. The instruments of the Agricultural 
Society of London, Megy, J. Morin, Bourry, Taurines, etc. 

The tension of the springs is sometimes measured by an optical method, 
as in the Latchinoff^s dynamometer, sometimes by an index, as in Ayrton 
and Ferry^s instrument. Others act through a weight like the instru- 
ments of Darwin, Maffard, the German dynamometer, KingU, Whyte*8, 
etc 

(4) The work is measured by the tension of the moving aide, as in 
Hirn*8 pandynamometer and Carlo Resio's apparatus. 
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BEVOLTTTION OOUNTEBS AND SPEED INDICATOBS. 

In all dynamometrical measurements it is necessary to know the speed of 
rotation of the machines. This speed of rotation is measured by means of 
two classes of instruments which enable us to know the number of revo- 
lutions per minute, most commonly represented by the symbol n. 

(1) Revolution counters show the mean speed of the 
machine during the time the experiment lasts, generally half a minute. 
In France SainteU and Deschien's counters are used. When the speed 
does not exceeed 80 to 100 revolutions per minute it is easy to count them 
directly without an instrument if a visible mark is made on some 
X>oint of the revolving apparatus. 

(2) Speed indicators show the speed of a machine at each 
instant, and this enables its regularity to be judged of. They are fixed 
on the axle itself or to a special transmitter. The most used are Buss* 
tachymeters, and Jacqttemier^s indicator, based on centrifugal force. 
Marcel Deprez has also constructed one based on electro-magnetic actions. 
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The measurement of the energy consumed or produced by an electrical 
apparatus is generally made by an indirect method which consists in the 
measurement of two elements which concur in the production of this 
energy, and introducing them into a formula which gives the result 
sought for. There are, however, some instruments which give this result 
directly. We will rapidly scan the direct and indirect methods which 
are most used. 

Energy expended by an electrical apparatus.— 

If C be the strength of the current which passes through the apparatus, 
and E the difference of potential between the terminals, the work ab- 
sorbed W then is, 

Wt J Pj t / Pi 

— TTTT kilogrammes per second =: — — ; foot-pounds per second. 
9*81 l*35o 

This formula enables us to calculate the energy absorbed by an electric 
lamp, a motor, a resistance, etc. It springs directly from Ohm*s and 
Joule's laws. Expressing W in horse-power, 

^ CE ^ ^ CE ^ 

W = — - horse-power, or W =r -— - chevaux-vapeur. 
746 7uo 
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neat produced in a condactor throagli nrhich a 
enrrent passes* — ^If B is the resistance of the conductor (at the 
temperature of the experiment), E the difference of potential at the 
extremities of this resistance, C the strength of the current passing 
through it, the energy W, produced in the conductor in the form of heat, 
is calculated by one of the following f ormulaB : 



CB OR E^ 

^=m- 9-8i ~ 9^811 '^8™™°«' p« ■»«""»; 

CB _ C»R _ E» 



I 

fa 



or in calories (g.-d.) by the formulsB : ^ 



^ CE _ C3R _ B2 , . , . . 

W zz: — calories isr.-d.) Der second : 

4 16 4-16 4-16 B *^""'" ^' "^'^ '^'^ ocwuu , 
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or W = -2405 CE = -2406 C^B = — - — calories (g.-d.) per second. 
Ayrton and Peny*s erg^meter.— A movable light coil of 

fine wire with small moment of inertia free to move round an axis 
p£u*allel to its length, is suspended by a bifilar suspension in a fixed coil of 
thick wire. The fine wire is arranged as a shunt, and the thick wire in 
the main circuit. The defiection is a measure of the product. Marcel 
Deprez published a few years ago an analogous ergmeter, in which the 
action of the currents was balanced by a weight, but the indications of 
this instrument can only be correct if there be no relative displacement of 
the two circuits. It is easier in general to measure E and C separately 
and take their product, so that electrical ergmeters have not yet come 
into practical use. Becently Vemon-Boys has invented integrating erg- 
meters. These instruments show the sum of the energy absorbed by an 
electrical apparatus during a given time, they add up the number of 
kilogrammetres expended ; but as yet they are rather complicated, which 
prevents their immediate application, therefore we only mention them. 

Ayrton and Ferry have devised a simple form of recording ergmeter 
intended to show the quantity of power used by a consumer from a public 
system of electrical supply. It consists of a fairly good clock ; the pendu- 
lum bob is replaced by a flat coil of fine wire, so connected that it can be 
arranged as a shunt between the supply poles. Close to this coil, but 
fixed to the dock case, is another fiat coil of very stout wire, included in 
the main circuit. According to the relative directions of the currents in 
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these coils the rate of the clock is accelerated or retarded when the current 
is passing. This acceleration or retardationis proportional to C E, and there- 
fore to the energy which has passed in any time. By arranging the instru- 
ment so that the loss or gain due to the passing of the currents is very 
much larger than the mean rate of the clock, the instrument may be made 
sufiBciently accurate for practical purposes. Say the clock is found at the 
end of a month to have gained or lost five hours, a table will at once give 
the number of volt-ampSres, or ergs, or horse-powers per hour, or foot- 
pounds, or kilogramm^tres, which have passed through the instrument 
during the month. 

CABI.1: MEASUREIVEENTS. 

The measurement of submarine cables forms one of the most important 
branches of the applications of electricity ; the methods employed are for 
the most part special. For this reason we thought it better to separate 
them from the general methods, and form a separate chapter for them. 
We will only indicate the most important methods, leaving out the 
question of localising faidts, which would require too much detail, and for 
which the reader ought to consult special works. He will find a 
list of suitable books in the bibliography at the end of the volume. 

Special arrang'eineiitS* — ^The difficulties in carrying out the 
measurement of submarine cables, and the necessary precision, make it 
necessary to perform these measurements under special conditions which 
are not found in other branches of applied electricity. We will point out 
here the most important arrangements. 

Standard temperature, — On account of the influence of temperature on 
the properties of the dielectric substances which are used in the con- 
struction of submarine cables, all results are reduced by calculation to a 
certain standard of temperature ; by usage 75° Fahrenheit is adopted as 
the standard, which corresponds with 24° Centigrade. 

Tank, — ^For measuring capacity and insulation the cable is placed 
in a tank of cast or sheet iron perfectly connected to the earth either by 
gas and water-pipes, or on board ship through the hull. In the case of 
submerged cables the cable communicates with the earth by its external 
metallic envelope. The cable ought to be discharged before the tests are 
made by connecting it to earth for some hours. It is better to bring the 
ends of the cable into the testing room than to use auxiliary wires. 

To insulate the end of a cable. — ^The core is uncovered for about 
40 to 50 centimetres,; it is cleared of the hemp and iron wires. If the 
core is of indiarubber the felt is removed, and the conductor is laid, bare 
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for a length of about 3 centimetres. The conductor and the dielectric 
are then covered with paraffin for a total length of about 6 centdm^tres, 
and the end is kept suspended in the air. 

Instruments. — Complete measurements require a battery of 600 
elements, a reflecting galvanometer and its shunts, a condenser, reversing 
keys, short circuit keys, charging and discharging keys, cominutators, 
a Wheatstone's bridge, and resistance boxes. 



BESISTANCS OF THB OONDUCTOB. 

Bridgre method.— Wheatstone's bridge is generally used, 
especially when both ends of the cable of which the resistance is to be 
measured can be got at. It is then measured like an ordinary resistance. 
Fig. 42 shows the arrangement of the instrument. 




Fig. 42.— Diagram of Connections for Bridge Test of Conductor of a Cable. 

False zero method*— The connections are arranged as if for 
a measurement by Wheatstone's bridge. The short circuit key of the 
galvanometer is pressed; the galvanometer deflects under the action 
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of the earth current, and the deflection is observed. The reversing key 
is then pressed down, and the resistance box is rapidly unplugged until 
the same deflection is reproduced ; the resistance is then read. This 
method can only be used when the earth current is constant. 

Reproduced deflection method (Frank Jacob),— The 
cable, of which the far end is to earth, is joined to a galvanomet-er 
suitably shunted, a battery, a reversing key, and to earth ; a series of 
readings is taken as rapidly as possible, reversing the current each time. 
Then a resistance box is substituted for the cable, and varied until the 
same deflections are reproduced. The resistances thus obtained are equal 
to the apparent resistances of the cable. The harmonic mean of the 
results of positive and negative currents gives the true resistance of the 
conductor. This method is very quick, and enables the variations caused 
by the earth currents to be ea^y eliminated. A battery of from 4 to 10 
elements is used. 

Resistance of eartb plates* — A galvanometer, one 
battery element, a large resistance, and the earth plates are arranged 
in circuit, and the deflection is read. The wires are then joined directly 
together without the plates. The deflection ought not to change if the 
earths are good; if the earths have too high a resistance it may be 
remedied by watering the earth round the plates. 

ELEOTBOSTATIO OB INDTJCmVE CAPACITT 

is measured by the charge which a cable receives with unit x>otential the 
volt ; it is expressed in microfarads. 

The charge of a cable or condenser is proportional to the potential 
and the length of the cable, and inversely to the distance between the 
inducing surfaces. 

The rate of discharge or time necessary for a cable to lose a given part 
of its charge is independent of the potential. 

With guttapercha at 24° C. the loss during the first minute is 7 per 
cent. ; in the second minute 7 per cent, of the remaining charge, and so 
on to infinity. 

liOSS of Charg^e*— Let C be the initial charge, e the charge 
after t minutes, the charge C remaining after V minutes is given by the 
equation 

, C 

, c 

log - 
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liOSS of taaU* charge. — The time in minutes is, 
w _ , -30103 
log Y 

Measarement of tbe electrostatic capacity of a 

cable* — One of the ends of the cable is insulated. The condenser is 
charged by a battery of 10 elements; it is discharged through the 
galvanometer, and the deflection noted ; the cable is then charged, and 
discharged after one minute, shimting the galvanometer so as to obtain 
the same deflection ; the capacity of the cable is equal to the multiplying 
power of the shunt multiplied by the capacity of the condenser taken as a 
standard. To get the largest possible deflection, and to reduce the 
influence of errors of reading, the right-hand extremity of the scale may 
be taken as zero, and the spot of light be made to deflect up to the left- 
hand end by varying the number of elements, and also varying the 
sensibility of the galvanometer by means of the directing magnet. 

Capacity per kilometre, mile, or knot is obtained 

by dividing the total capacity by the length of the cable in kilometres, 
miles, or knots. 

Calculation of the electrostatic capacity.— If D be 

the diameter of the dielectric in millimetres, d the diameter of the con- 
ductor, the capacity per knot or nautical mile (1862 metres) is : 

•1636 
Hooper's indiarubber : , D microfarads. 

•187 69 

Common guttapercha : , D microfaiads. 
log- 

•15163 
W. Smith's guttapercha : , D microfarads. 

Example, — ^If d = 3*68 mm. and D =: 8*08 m., the capacity per knot 
will be: 

Hooper's indiarubber = *45 microfarad. 

Common guttapercha . . . . ~ *55 „ 

W. Smith's guttapercha . . . . = '44 „ 
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United potential of two condensers or turo 
cables. 

If C be the capacity of the chaxged condenser ; 
y the potential of the charge ; 
e the capacity of the uncharged condenser ; 
V the x>otential when they are joined together ; 

+ tf 
Indnctive capacity of turo condensers Joined 

tog^ether* — When a charged condenser is joined to another one which 

is not charged, the charge is divided between them proportionally to the 

respective capacities, the potential is the same in both. 

If C is the standard condenser charged to the potential Y, x the 

capacity of the second condenser, v their common potential when they 

are joined, then, 

^ C , ^^ ^ . 

-zr = r— ; — and C V •=zCv-\-xv'y 
V + a; 

the capacity x is : 

V — f?^ 
a: = C. 

V 



INSULATION. 

]>eflection metllOd {Latimer Clark), ^li x be the insulation 
of the cable, G the resistance of the galvanometer, n the number of 
elements of resistance r, and e. m. f . E, and a the observed deflection. 
The cable is removed, and replaced by a known resistance, such that the 
total resistance of the circuit becomes B. When the number of elements 
has been reduced to one and the galvanometer has been shunted by a 
resistance S, the deflection observed is $. Then, 

a? = R^ n{lJf |)-.(G + r)ohms. 

(G + r) may be neglected, as a; is very large ; the formula then becomes, 

a;=R- «fl+ - johms. 

In practice the galvanometer is shunted to -j^ by a shunt \S - -^ 
and R = 10,000— (r + S). 
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INSULATION OF CABLES. 
The insulation resistance of the whole cable is then 
iF= — « megohms ; 
and its resistance per nautical mile or knot, 

DiflTerential gfalvanometer method (Siemens), — (Se^ 
Tig. 43.) 




Fig. 48.— Siemens' Insulation Test 



X is the insulation resistance sought ; 

E the e. m. f . of the battery B ; 

E' the e. m. f . of the battery B' ; 

r the resistance of the battcny B, together with the coil a ; 

r' the resistance of the battery B', together with the coil b ; 

B a resistance interposed in tiie circuit of b ; 

B is varied until the needle comes to zero. The cable is remoTed, and 
a known resistance W is substituted for it. The ends of the two 'coils 
a and b are joined to the i>ole of a single element B2, and the resistance 
Bi re-adjusted until the needle comes back to zero. The insulation of 
the cable is then, 

If in the second part of the experiment the coil a be shunted with a 
resistance 9, the value of x then becomes, 

W(r + .)+r.E 
(E' + r')» E'^ ^ 
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method by loss of charge (Siemens). — Ijet G be the 
momentary discharge (total potential) of a given cable, c its discharge 
(reduced potential) after t minutes, F its capacity in microfarads. Its 
insulation resistance Bi after t minutes is then, 



Ei = 26-06 



F. (logC — logtf) 



megohms. 



InsnlatlOn of joints.— The joint to be tested is placed in a 
perfectly insulated tank filled with salt water, in which a plate of copper 
is placed. The core of the cable is carefully dried on each side of the 
joint. After having verified the insulation of the tank, the test is made 
with a battery of 500 Darnell's elements. The insulation ought not to be 
less than that of about 2 metres of cable absolutely identical with that in 
which the joint has been made. 

Calculation of insnlation.-~This maybe calculated either 
by diameters or by weights. The annexed table gives the formula for 
the temperature of 24® C. for the dielectrics commonly used. D and d 
have the same significance as before. W is the weight of the dielectric, 
w the weight of the conductor ( F. Hoshmr). 

Example. — If rf = 2'87 mm. and D = 7'39 mm., the insulation per 
knot (1,862 metres) is : 



Hooper's indiarubber . 
Common gattapercha 
W. Smith's guttapercha 


. . . . 


= 5340 megohms. 
= 316 ,. 
= 144 


The weights W and w are 


expressed in kilogrammes. 


Natubb 

OF THE DiELECTBIC. 




CALCULATED 


INSULATION. 


By Diameters. 


Bt Weights. 


Hooper's indiarubber . . 




megohms. 
1-8 ,0.^. 


megohms. 


1-3 log\/l + 67^. 


Common gattapercha . . 




•077 log 5. 
a 


•0771ogv/l + 6-9^. 


W. Smith's guttapercha . 




•035 log 5. 


•0351og>v/l + 6-9^. 
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Speed of ftlgnalllng through cahles is proportional to 
S 1 

"=-2 or TTT" • 

PC /2Cr 

S is the specific conductivity of the copper ; C the capacity per knot ; 
/ length of the cable ; r the resistance of the conductor. The absolute 
speed in number of words per minute is, with a reflecting galvanometer, 

Hooper's indlarobber cable . . 1183-5 ~ (log D - leg d). 
W. Smith's guttapercha . . 968 75 -^ (log D - log d). 
Common guttapercha . . 903*65 -^ (log D — log d). 

The maximum speed obtained is 50 per cent, higher than the above 
figures. 

Time of tranftmisftion of a signal (fi, Sabine).— The 
time in seconds t for a signal to be produced at the extremity of the 
cable is, 

With the Morse instrnmeot . . t s ^ Cr seconds. 

» Hughes t = ^ Cr .. 

„ reflecting „ . . t = ^ Cr „ 

G total capacity of the cable in microfarads; r resistance of the 
conductor in ohnis. The speed depends both on the inertia of the 
instrument and the retardation produced by the cable. 

IVelght of the conductor and of the dielectric- 
Expressing diameters D and d in millimetres, the weights in kilogrammes 
will be given by the formula : 



CimiMctor. 

Solid copper 
Stranded copper . 


Weight per Weight per 
knot. kilometre. 
. . 12-78 d* 6-889 d«. 
. . 10 d^ 5-399 d«. 


DUUetrin. 
Guttapercha 


r75fD»-d») •945(D«-d»). 
r43(D»-d») '771 (D^-d*), 
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PEACTICAL INFORMATION.— APPLICATIONS.— 
EXPERIMENTAL RESULTS. 



AI^OEBRAIC FOR1IEUI.JB. 

Permutatioiis and combinations. — The different 

groups which can be made of n things each out of m things are called the 
combinations of n out of m things. Amongst these combinations are 
(1) the (liferent products in which each group differs from the others 
only by one term without reckcming their order ; (2) the different permu- 
tations in which two groups may be considered distinct only by the order 
of the /* things which compose them. The nimiber of permutations of m 
letters « by w is equal to 

(in — n-\-l) (m — w -|- 2) . . . . (w — V) m. 

The number of distinct products of m things n by n is equal to 

1.2.3 (w — 1) w 

1.2.3 w. 1.2.3 (7n — n) 

The number of different permutations of m letters is equal to 

1.2.3 (m — 1)»». 

Nenrton's binomial theorem.— This is so often used 
that we reproduce it in its most general form : 

(a? + o)«= a«+ nax «-> + a^ ^ ^^ T" ^ af'*-2 + . . . . 

1*^ 

n{n — \) («— j5 + l) 

^ 1.2.3 p ^ ^ • 



NUMBERS AND THEIR RECIPROCALS, ETC. 
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OFNVMBXR8.(n); ThBIRRxCIPBOCALS^-^ \; SQUABX8(n*) ; S<)UABBROOTS^A/n) 

CuBXS (n«) } CuBB Root ( -v/n) ; 

ClBCUXlBBBSCBS (im) J AJXJ> ArBAS Ot ClBCLBS (*?- )• 



WBBBB n IS TBB DlAM BTEB. 



n 


I 

n 


na 


^A 


n» 


x^" 


im 


im* 

4 


1 


1 


1 


1^ 


1 


1- 


3-14 


•79 


2 


•5 


4 


1-414 


8 


1-259 


6-28 


314 


S 


•3383 


9 


1-732 


27 


1-442 


9-42 


7-07 


4 


•25 


16 


2- 


64 


1-687 


12-67 


12-67 


5 


•2 


25 


2336 


125 


1-709 


16-71 


19-63 


6 


•1667 


36 


2-449 


216 


1-817 


lb-86 


28*27 


7 


•1429 


49 


2636 


343 


1-912 


21*99 


38-48 


8 


•1?60 


64 


2-828 


512 


2- 


26-13 


6U-27 





•lUl 


81 


3^ 


729 


208 


28-27 


63-62 


10 


•1 


100 


3162 


1,000 


2-164 


31-42 


78-64 


11 


•0909 


121 


3-316 


1,331 


2-223 


34-66 


95-03 


12 


•0833 


144 


3-464 


1,728 


2-289 


37-7 


1131 


13 


•0769 


169 


3605 


2,179 


2-361 


40*84 


132-73 


U 


•0714 


196 


3-741 


2,744 


2-41 


43-98 


163*94 


15 


•0667 


225 


3-872 


3,375 


2-466 


47-12 


176-71 


16 


•0625 


256 


4- 


4,096 


2-619 


50-27 


201*06 


17 


•0588 


289 


4123 


4,913 


2-671 


53-41 


226*98 


18 


•0566 


824 


4*242 


6,832 


2-62 


56-65 


264-47 


19 


•0526 


361 


4-358 


6,859 


2-668 


69-69 


283-63 


20 


•06 


4U0 


4-472 


8,000 


2-714 


62-68 


314*16 


21 


•0476 


441 


4588 


9,261 


2768 


65-97 


346-36 


22 


•0455 


484 


4*69 


10,648 


2-802 


6911 


38013 


23 


•0435 


529 


4-795 


12,167 


2-843 


72-26 


416-48 


24 


•0417 


576 


4-898 


13,824 


2-884 


76-4 


452-39 


25 


•04 


625 


5- 


16,625 


2-924 


78-54 


490-87 


26 


•0385 


676 


5-090 


17,676 


2-962 


81-68 


530-93 


27 


•087 


729 


5196 


19,683 


3- 


84-82 


672-66 


28 


•0357 


784 


5 291 


21,962 


3^036 


87-96 


616-75 


29 


•0345 


841 


5-381 


24,889 


3072 


9111 


660*52 


30 


*0;i33 


900 


6-477 


27.000 


3-107 


94-25 


706-86 


31 


•0323 


961 


6-567 


29,791 


3-141 


67-39 


754-77 


32 


•0313 


1,024 


5-666 


32,768 


3174 


lOu-63 


804*25 


33 


•0303 


1.089 


6-744 


35,937 


3-207 


103-67 


855*30 


Si 


•0i?94 


1,156 


6-830 


39,304 


3-239 


106*81 


907-92 


85 


•0286 


1225 


6-916 


42,875 


3-271 


109*96 


962*11 
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n 
36 


n 


n« 


v/» 


n» 


a/» 


im 


4 


•0278 


1,296 


6- 


46,656 


3-361 


1131 


1,017-88 


37 


•0270 


1369 


6082 


50,653 


3-332 


116-24 


1.076-21 


38 


'0263 


1,444 


6164 


54,872 


3-361 


119-38 


1,13411 


39 


•0256 


1,521 


6-244 


59,319 


3-391 


122-52 


l,194-5e 


40 


•025 


1,600 


6-324 


64,000 


3-419 


125*66 


1.256-64 


41 


•0244 


1,681 


6-403 


68,921 


3-448 


128-6 


1,320-25 


42 


•0238 


1,764 


6-48 


74,068 


3-476 


131-95 


1,385-44 


43 


•0233 


1,849 


6-567 


79,507 


3-503 


135-09 


1,452-2 


44 


•0227 


1,936 


6-633 


85,184 


3-630 


138-23 


1,520-63 


45 


•0222 


2,025 


6-708 


91,125 


3-566 


141-37 


1,520-43 


46 


•0217 


2.116 


6-782 


97,833 


3-583 


144-61 


1,661-9 


47 


•0213 


2.209 


6-855 


108,823 


3-608 


147-65 


1,734-94 


48 


•0206 


2,334 


6-928 


110.592 


3-634 


150-8 


1,809-56 


40 


•0204 


2,401 


7- 


117,649 


3-659 


153-94 


1,88674 


50 


•02 


2,500 


7071 


125,000 


3-681 


157-08 


1,963-40 


51 


•0196 


2,601 


7-141 


132.651 


3-708 


160-22 


2.042-82 


52 


^192 


2,704 


7-211 


140,606 


3732 


163-36 


2,12372 


53 


m89 


2,809 


7-28 


148,877 


3-756 


166-5 


2.206-18 


54 


•0185 


2,916 


7348 


157,464 


3-779 


169-65 


2,290-21 


55 


•0182 


3.025 


7-416 


166,375 


3-802 


172-79 


2,376-83 


56 


•0179 


3,136 


7-483 


175,616 


3-825 


175-93 


2.463-01 


57 


•0175 


3.240 


7-549 


185,198 


3-848 


17907 


2,551-76 


58 


•0172 


3,384 


7-615 


195,112 


3-87 


182-21 


2,64206 


50 


•0169 


3,481 


7-681 


205,379 


3-892 


185-35 


2,733-97 


60 


•0167 


3,600 


7.745 


216,000 


3-914 


188-5 


2,827-43 


61 


•0164 


3,721 


7-81 


226,981 


3-936 


191-64 


2,922-47 


62 


•0161 


3,8U 


7-874 


238,328 


3-957 


194-78 


3,019-07 


63 


•0159 


3,969 


7-987 


250.047 


3-979 


197-92 


3,117-24 


64 


•0156 


4,096 


8- 


262,144 


4- 


201-06 


3,216-99 


65 


•0154 


4,225 


8-062 


274,625 


4-02 


204-2 


3,318-31 


66 


•0152 


4,356 


8124 


287,496 


4041 


207-34 


3,421-19 


e7 


•0149 


4489 


8185 


300,763 


4-061 


210-40 


3,625-65 


68 


•0147 


4,624 


8-246 


314,432 


4-081 


213-63 


3,631-68 


69 


•0145 


4,761 


8-306 


328,509 


4-101 


216-77 


3,739-28 


70 


•0143 


4,900 


8-366 


343»000 


4*121 


219-91 


3,848-45 


71 


•0141 


5,041 


8-426 


357,911 


4-14 


223-05 


3,959-19 


72 


•0139 


5,184 


8^485 


373.246 


416 


226-19 


4 071-5 


73 


•0137 


5829 


8^544 


389.017 


4^179 


229-34 


4.185-30 


74 


•0135 


5476 


8602 


405,224 


4196 


232-48 


4.800*81 


75 


•0183 


5,625 


8^66 


421,875 


4^217 


235-62 


4.417-86 


76 


•0132 


5,776 


8^717 


488.976 


4235 


23876 


4.536-46 


77 


•013 


5,929 


8^774 


456,533 


4^254 


241-9 


4,656-62 


78 


•0128 


6,064 


8-831 


474.552 


4^272 


245-04 


4.778-36 


79 


•0127 


6,241 


8-888 


403.039 


4-29 


248^19 


4,901-67 


80 


•0125 


6,400 


8-944 


512,000 


4-306 


25133 


5,026-55 


81 


•0123 


6.561 


9- 


53*,441 


4-826 


254^47 


6,153- 


82 


•0122 


6,724 


9-055 


551,368 


4-344 


25761 


6,281-02 


83 


•012 


6,889 


911 


571,787 


4-362 


26075 


5,410-61 
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n 


1 

n 


n* 


y» 


n» 


^ 


nm 


4 


84 


•0119 


7,056 


9165 


592,704 


4-379 


263-89 


6,541-77 


85 


•0118 


7,225 


9-219 


614,125 


4-396 


267*08 


5,674-5 


86 


•0116 


7,396 


9-273 


636,056 


4-414 


270-18 


5,806-8 


87 


•0115 


7,569 


9-327 


656,503 


4-431 


273-32 


5,944-68 


88 


•0114 


7744 


9-386 


681,472 


4-447 


276-46 


6,082-12 


89 


•0112 


7.921 


9-433 


704,969 


4-464 


279-6 


6,221-14 


90 


•0111 


8.100 


9-486 


729,000 


4-481 


282-74 


6.86172 


91 


•Oil 


8.281 


9-539 


7^'-l57l 


4-497 


285-88 


6,503-88 


92 


•0109 


8,464 


9-591 


r7^.r^-8 


4-514 


28903 


6,647-61 


93 


•0106 


8^649 


9-643 


FiHr,;J;i7 


4-530 


29217 


6.792-91 


94 


•0106 


8,836 


9-695 


K:X'.o^4 


4*546 


29531 


6.989-78 


95 


•0105 


9,025 


9-746 


K^.r,;?75 


4-562 


298-45 


7.088-22 


96 


•0104 


0,216 


9-797 


8>Ji,H38 


4-578 


801-59 


7.238-23 


97 


•oios 


9.409 


9-848 


in2,rJ73 


4-594 


804^73 


7.389-81 


98 


•0102 


9,604 


9-899 


041^1t»3 


4-61 


807^88 


7.542-96 


99 


•0101 


9,801 


9^949 


?70,229 


4-626 


811^02 


7.697-69 


100 


•01 


10,000 


W 


l.OOiKOfK) 


4-642 


81416 


7.853-98 



n and functions of ir. 



x/: 



n = 3-1415926536. 

i = 0-3183098862. 

ir» = 9-8896. 

»» =310063. 



0-56419. 



log IT = 1-4971498727. 

log I = 1-5028501273. 

w 

y/n = 1-77245385. 
^^= 1-4646. 
log n = 114173. 



Diameter of circle of which the oironinference is one 
mitre = 31*83 cm. 

Length of arc of 1° and radius 1 =-017452. 

Radian angle of which the arc ia equal to the radius 
(the unit of droular measure) =57* 15'. 



Arithmetical progressioil.— Let a be the first term ; rthe 
difFerence between any two terms ; b the last term ; and n the number of 
terms. 
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b = a+(n—l)r. 

• « . X [2a + {n — l)r']n a + b^ 
Sum of firsts terms ='^ — -^-^ '-^— = — J-*** 

Sum of first n numbers from 1 to « = ?" — 
Sum of first n odd number from 1 to (2 « — 1) = »2, 

Oeometrical progression.— Let ^ be the first term, b the 
last term, and q the ratio of any term to the next. Then, 

b = aq^—K 
Sum of the first n terms =: a -• 



liOgarithms. 

If there be three numbers a, by x, such that 

«* = *, 
is called the logarithm of the number b to the base a, and we write : 
X =r log b. 

The number b is the antihgarithm. 

The collection of logarithms of the different numbers to one and the 
same base form a system of logarithms. Only two systems are now used 
in practice. 

1st. Common or decimal logarithms, of which the base is 10. 

2nd. Naturaly Naperian, or hyperbolic logarithms, of which the base 
is^. 

^ = 2-71828. 

Common logarithms are indicated by the symbol (log) ; natural 
logarithms by (log*)- 
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TABLE 

Or DCCIMAL (log) ABD NAPEBIAIT (lOge) LOOABITHMS 
OF NUMBEBS FBOM 1 TO 100. 



s 
S 


LOGAKTTHMS. 


s 

M 

n 
g 


LOGAEITHMS. 


DsaMAL. 


NAPEMAir. 


Decimal. 


Naperiak. 


1 


0- 


0- 


36 


1-55630 


3-58351 


2 


•30103 


•69314 


37 


1-66820 


3-61091 


S 


•47712 


1-09861 


38 


1-57978 


S-63758 


4 


•60206 


1-38629 


S9 


1-59106 


3-66356 


5 


•69897 


1-60948 


40 


1-60206 


S-68S87 


6 


•7.815 


179175 








7 


•84510 


1-94591 


41 


1-61278 


8-71357 


8 


•90S09 


2-07944 


42 


1-62325 


373766 


9 


•95424 


219722 


43 


1-63347 


3-76120 


10 


1-00000 


2-30258 


44 


1-64345 


3-78418 








45 


1-65321 


S-80666 


11 


1-04139 


2-39789 


46 


1-66276 


3-82864 


12 


1-07918 


2-48490 


47 


1-67210 


3-85014 


13 


1-11394 


2-56494 


48 


1-68124 


3-87120 


14 


114613 


2-63905 


49 


1-69020 


3-89182 


15 


1-17609 


2-70805 


50 


1-69897 


8-91202 


16 


1-20412 


2-77258 








17 


1-23045 


2 83321 


51 


1-70757 


3-93182 


18 


1-25527 


2-89037 


52 


171600 


3-95124 


19 


1-27875 


2-94413 


63 


1-72428 


3-97029 


20 


1-80103 


2-99573 


54 


l-732:» 


3-98898 








55 


174036 


400733 


21 




3-04452 


56 


1-74819 


4-02535 


22 


1-34242 


309104 


57 


1-75587 


4-04305 


23 


1-36173 


313549 


58 


176343 


4-06044 


24 


1-88021 


3-17805 


59 


1-77085 


4-07753 


25 


1-3979 fc 


3-21887 


60 


1-77815 


4-09434 


26 


1-41497 


3-25809 








27 


1-43136 


329583 


61 


1-78533 


411087 


28 


1-44716 


3-33220 


62 


1-79239 


412713 


29 


1*46240 


3-36729 


63 


1-79934 


4-14313 


30 


1-47712 


8-4U119 


64 


1-80618 


4-15888 








65 


1-81291 


417^39 


51 


1-49136 


8-43398 


66 


1-81954 


4-18965 


Si 


1-50515 


3-46573 


67 


1-82607 


4-20469 


S3 


1-51851 


3-49650 


68 


1-83251 


4-21951 


Si 


1-53148 


3-52636 


69 


1-83885 


4-23411 


35 


1-544(7 


S-55534 


70 


1-84510 


4-24850 
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s 

1 


LOGABITHMS. 


s 

M 
M 

g 


LOGAKITUMS. 


Dbcimai.. 


NAPXitiAir. 


Dbcimal. 


Napbbiak. 


71 


1-85126 


4-2«68 


sa 


1-93450 


4-45135 


72 


1-85783 


4-27667 


87 


1-93952 


4-48591 


73 


1-86332 


4-29046 


88 


1-94448 


4-47734 


74 


1-86923 


4-30407 


89 


1-94939 


4-48864 


75 


1-87606 


4-31749 


90 


1-95424 


4-49981 


76 


1-88081 


433073 








77 


1-88649 


4-34381 


91 


1-95904 


4-51086 


78 


1-89209 


4-35671 


92 


1-96879 


4-52170 


79 


1-89763 


4-36945 


93 


1-96848 


4-53260 


80 


1-9O309 


4-38203 


94 


1-97313 


4*54329 








95 




4-55388 


81 


1-90849 


4-39445 


96 


1-98227 


4-55435 


82 


1-91381 


4-40672 


97 


1-98677 


4-50471 


hS 


1-91908 


4-41884 


98 


1-99123 


4-58497 


84 


1-92428 


4-43082 


99 


1-99564 


4-50512 


85 


1-92942 


4-44265 


1(0 


2-00000 


4-60517 



Knowing the log of a number n in the one system, its log in the other 
system is obtained by the following formula : 

loge n = 2-3025851 log w. 
log « = 0-434294482 log* 

Ftopertiet of logs.— Those which are most generally used are set out in 
the following table : 

log ab = log a -f- log b. 



log - = log a - log *. 

log aP -=.1 log a. 

. h/- log a 
logVa = -^. 



Interest* — Simple interest, — ^Let * be the rate (sum brought in by 
one pound during one year expressed as a fraction of a pound), A the 
sum placed at interest during n years, which will bring in kin pounds, 
and will become A (1 + in). 

Discount, — If a sum A be paid n years before it is due only A (1 - in) 
is paid. 
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Present value. — ^A sum A due in n years is reinresented at the present 
time by a sum A', such that if it were placed at the rate of interest i during 
the time n, it would become equal to A ; therefore, 

A' = : ^ 



1 + m 

Compound interest, — A sum A placed at compound interest for n years 
becomes 

A'=A(l+»>. 

Annuities, — A sum a due annually for n years has a present value A 
given by the equation 



-=f[-(rh)--]- 



OEOIVIETBICAI. FOB1IIIJI.JB. 

fjength* 

Sqxtase. Diagonal = s V2 =: 1*414 s (s length of side of square). 
CiBCUHFEBENCE = 2nr (t radius). 

AKCOF«'>=^. 

Area* 

GiBCLE = urS = -^ (r == radius, d =: diameter). 

Ellipse = vab (a =: semi-major axis, 6 = semi-minor axis). 

Ctlindeb (lateral area) si (s == drcumferenoe, I length of generatrix, 
or 2wrly r =: radius). 

Cone (lateral area) -^ (« = circumference, I =: length of generatrix, 

or nr V^^ + »•*. »* = radius of base, h =: height of cone). 

Pbustbum op Cone (lateral area) = /—^—\/» and*' circumference 

of base and top, / = generatrix. 

Sfhebe = 4 great circles = 4nr^. 

Zone on ▲ Sphebe =: 2irrh (h = width of the zone measured on the 
surface of the sphere). 
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Tolmne or cubic contents. 

"RA 
Pybamid and Cone= -^ (B area of baae, h height). 

Ctlindee or PmsM = BA. 

Teunoated Ptraiod with the top plane paballel to the base =: 
JA (B + B'+ VBBO (B and B' areas of base and top plane). 

Fbttbtbitk op Ck>NE with top plane paballel to base = 
JtA (fi + r'2 -f- rV) (r and r' radii of base and top plane) . 

Sphebb = I »r3 =4 '19^3. 

Segment op a Sphebe.— (— '^— )A + „ irA3 (B and B' areas of the 

plane surfaces, h width of the zone). 

Elupsoid =:^irabc («, b, c, semi-axes of ellipsoid). 

The subfaoe of bevoltttion, generated by an area S in the plane 
of the axis of rotation, encloses a volume equal to the product of the area S, 
by the circumference traced out by its centre of gravity. If <^ be the 
distance of the centre of gravity from the axis of rotation, the volume of 
the solid generated Y is 



RADn AND AREAS OF REGULAR INSCRIBED POLYGONS. 

TV TSBMS or THB SIDS. 



NAME OP POLYGON. 



Equilateral triangle 
Square 
Pentagon . 
Hexagon . 
Octagon . 
Decagon . 
Dodecagon 






3 

4 
5 
6 
8 
10 
12 






& 

90 
108 
120 
135 
144 
150 



1*207 
1-539 
1-806 



•576 
•706 
-850 
1 

1305 
1-618 
1.93 



-433 

1 

1-72 
2 59 
4-838 
7-694 
U196 



SINES AND TANGENTS. 
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TABLE OF SINES AND TANGENTS. 



Dkgbxis. 



Sivis. 



1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
U 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 



24 
25 



27 
28 



80 
31 



84 
35 
36 
37 



40 
41 
42 
43 
44 
45 



•017 

•085 

•052 

•07 

•087 

•105 

•122 

•138 

•157 

•174 

•191 

•208 

•225 

•242 

•259 

•276 

•293 

•309 

•326 

•342 

•350 

•375 

•391 

•407 

•423 

•439 

•454 

•47 

•485 

•5 

•515 

•53 

•545 

•569 

•574 



•616 
•629 
•643 
•656 
•669 
•682 
•695 
•707 



Tavoxkts. 



•017 

•035 

•052 

•07 

•088 

•105 

•123 

•141 

•159 

•177 

•195 

•213 

•231 

•250 



•306 
•325 
•345 
•364 
•384 
•404 
•425 
•445 
•467 
•488 
•510 
•532 
•555 
•578 
•601 
•625 
•650 
•675 
•701 
•727 
754 
782 
•810 
•839 
•870 
•901 
•933 
•966 



DSOBSBS. 



46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 



64 
65 
66 
^7 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
83 
87 



90 



Snns. 



•719 
•731 
743 
755 
766 
•777 
788 
799 
•809 
•819 



•848 
•857 
•866 
•875 
•883 
;891 

•906 

•914 

•921 

•927 

•934 

•94 

•946 

•951 

•956 

•961 

•966 

•97 

•974 

•978 

•982 

•985 

•988 

•990 

•992 

•996 
•997 
•998 
•999 



Tavoisits. 



1^036 
1^073 
1^111 
1151 
1192 
1^236 
1^281 
1-328 
1-377 
1-429 
l-4«3 
1541 
1'601 
1^665 
1-733 
1-805 
1-88& 
1964 
2-052 
2146 
2-246 
2*358 
2-477 
2-607 
275 
2-907 
3-081 
3-274 
3-481 
3736 
4-016 
4-337 
4-711 
5-152 
5-681 
6-326 
7-130 
8-164 
9-541 
11-468 
14-361 
19-188 
28-877 
58-261 
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TBIOONOMETBICAI. FORllIIJI.ii:. 

smazr2sm-acoB -a; 
2 2 ' 

, 8m« ^ 1 

^^ ^ = ::::rz » cot a =: i 

cos a ' tan a 

, 1 — cos 2 a 

tan « = — : — 

Bm2 a 

sin2 a + cos* a:=l 

tan a 



sin a = ± 



Vl+tan2a 

cos « == ± J 

Vl + tan2a 

sin 2 a ^ 2 sin a cos a 
cos 2 a = cob2 « — sin2 a 

. - 2 tana 

tan 2a=z 

1- tan2« 

cos « = 1 — 2 8in2 - a 

cos « := — 1 4- 2 C082 - a 

^ 2 

l + tan2a = — i- 
• cos2 a 

, ^ 1 — cos 2 a 

tan2«=z — 

1 -}- cos 2 a 



. . , L — cos a 



1 , ^ /l + COS a 

2 tan a 
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sin (a + i) = sin a cos b + cos a sin 4 
sin (a — d) = sin « cos b — cos a sin ^ 
cos (a + i) = cos a cos i — sin a sin ^ 
cos (a — i) = cos a cos d + sin a sin i 

tan (a + b) = , —^—7 — 7 

tan a — tan * 

tan (a — 0) = ;— r— 7 — r 

^ ' l+tanatan& 

... « . «+* «- * 
8ma + 8m* = 2sm — r— cos — r— 

. . « . « — * a-\-b 
sina — 8m4 = 2sm — r— cos — r— 

cos a + cos ft = 2 cos — r— cos — — 

« . a + * . a — b 
cosa — cosft= — 28m sin — r— 

, , .^ tan a + tan b 
*^<''+*> = l-tan«tani 

tan a — tan * 

tan (a — ft) = _ , . 7 — . 

^ ^ 1+tanatanft 

sin a sin * = - cos (a — *) — - cos {a-\-b) 

cos a COS * = - cos {a — b) +- cos (a + i) 
Ji id 

sinaco8i=:-sin(«— ft) + -8in (a+*) 

sina:bsind ^ a±i 

r=: tan 

cos a 4- cos ^ 2 

sina^sin^ ^a±i 

-=- cot - 

cos a — cos l 

For « + * + «= 180*, we have : 

1 1.1 

sin fl + sin * + sin (J = 4 cos- flcos- ftcos - tf 
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SOI.UTION OF TRIANOIiES. 

ABC are the angles ; abc the respective opposite sides. 

Right-angled trian§^es.— The hypothenuse is Cy and the 

right angle C. 

A=:90--B; B = 9()'-A. 

First case, — Given the hyx>othenu8e and one angle (<;, and A), 

a = <;8inA; b:=icooaA. 

Second ease. — Given the hypothenuse and one side {Cy a), 

a , 

sinA = -; J = «cot a = \/(c + a) (c— a). 
c 

Third case. — Given one side and one angle {a, B) or {ay A), 

cz=:a cos B = a sin A ; 
^ = atan B =:a cot A. 

Fourth case,—Qiven two sides (a, J), 

a a 

tanA=-; c=:-r— r ; 
b sinA 

Any triangle. 

A+B + C=18(^; 

abc 



sin A sin B sin C* 

e'^=ia^+b2-2abcoBC, 

First case, — Given one side and two angles, 

third angle = ISO' — the sum of the other two. 

b a 

a=z- — -sinA; b=:— — -sinB; 
sin B SinA 

b a 

= -; — 7: sin 0=-: — r sin C. 
sin B sin A 
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Second case, — Given two sides and the angle opposite to one of them 

(«, ft, A). 

. ^ ft sin A 

smB = ; 

a 

= 180°- (A+B); 

asin C 

sin A * 

Third case, — Given two sides and the angle included between them 

(a, ft, C). 

1*. *^x fl — ft .1^ 
tan - (A-B) = — — -cot- C. 

Knowing - (A — B) we then get 

A = (9(>'-ic)+i(A-B); bO 

B = (90'-|C)-J(A-B); pM 

C< 

flsinC ft sin C (a + ft)sinJC 'T? 

c zz; ~~' """ • \ J 

sin A sin B cos ^ (A - B) ^ 



Fourth ease, — Given the three sides (a, ft, c). 



then 



cos 2- 



sm^. 






o 



. 1 . /(*» — ft) («» — c) ijf 

""2^=v^ — 1^ — ■• O 

'2^-V ft. ' 

'2^-V ^^ 

Similarly for the other angles B and C. 
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COINS OF DIFFEBENT COUNTRIES. 

Belgium, Oreece, Itwtiy^ Suritzerland*— These four 
nations since 1880 have formed a union for gold and sQver coins, based 
on the franc *04 of £1, Ifr. = 100 centimes. 

Oennanj^.— The Heiehs-mark of 100 pfennigs = Ifr. -2345, or 
nearly Is. Gold coins, 20, 10, and 5 mark pieces : silver coins, 5, 2, 1, \, 
and \ marks. 

Austria.— J^/m» of 100 kreutzers = 2-4691fr., or nearly 2s. 
8 florins = 20fr. ; about 16s. 1 ducat = ll-85fr. ; about 9s. S^d. 

Spain.— 1 peseta = Ifr. ; a little less than lOd. 1 real = \ peseta. 

Holland.— i^^rtn of 100 cents = 2'lOfr. ; about Is. lOd. 

Portugal.— ifi/m« = 5*6fr. ; nearly 4s. 6d. 

Russia.— i?OM&/^ = 100 kopecks = 4fr. ; about Is. 5^d. 

Sweden and Norway.— 2rr<w« = lOO or^ = i-3888fr. = lOd. 

India.— i2wiM^ = 2-3767fr. ; less than 2s. 

United States.— Dortar of 100 cents = 6-1825fr. ; about 4s. 

Brazil.— iA7r^ = 2-83fr. = 2s. 3d. 

PHTSICAIi FOBimJIiJE:. 

Fomiul» for falling bodies and the pendulum. 

t = time in seconds. 

8 == space passed over in time t, 

t; = velocity at end of time t, 

h = height from which the body falls. 

g = acceleration due to gravity. 

/ = length of pendulum. 

v=-gt\ v=zf>i/2gh; 



,= lfft^; ' = 'Vl 
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nEoment of inertia*— The moment of inertia of a body is the 
sum of the products of the masses of its every material point into the 
square of the distance of that point from the axis of rotation. Calling 
it I, 

1 = 2 mt^. 

The raditis of gyration is the distance from the axis of rotation at which 

the whole mass of the body, concentrated at a point, would have the same 

moment of inertia as the body. If M be the whole mass of the body, and 

B the radius of gyration, 

2/Mr2 
MRS = 2»wr2. Whence R2 =^=— — 
M 

In the case of homogeneous bodies, when the radius of g3rration has 
been determined, the moment of inertia can be deduced from it. 

Stbaight bod.— Let / be the length of the rod. If the axis of rotation 
is perpendicular at one end, 

B» + |. 
If the axis is perpendicular and in the middle, 

R2= - • 

12 

Bod bent into the abc of ▲ cibcle, axis passing through the 
c^itre of the arc of radius r and perpendicular to its plane, 
B8 = r2. 
Axis passing through the middle of the arc along a radius, 

,.2 

Disc. — Axis passing through the centre, perpendicular to its plane. 

Axis passing through a diameter, 

r2 

Cone. — Badius of base rj axis passing through the axis of figure, 

E.= ^'. 
10 



146 PRACTICAL iJfFORMATlO!^. 

Sphese of radius r, axis passiiig along a diameter, 

Formula of the billlar saspension.— Let I be the 

length of the suspending threads or wires, a their distance apart at their 
upper ends, b their distance apart at their lower ends, W the weight 
which they bear, a the angle of deflection. The moment of the couple 
exerted by the bifilar suspension when its position of equilibrium is 
changed, is, 

^, a* W . 

M= — X sma, 

i 9 

For very small angles the sine is equal to the arc, and the moment 
becomes proportional to the deflection. In practice the moment is varied, 
and thus the sensibility changed by altering a. 



VELOCITIES. 

Velocity of sound in metres per second and feet per 

second : 

Metres Feet 

per second, per second. 

In air at 0' 330-9 10857 

,.10' 8372 1106-3 

lawateratS' 1435 4708*2 

In oast iron 8480 11417-9 

The increase in the velocity of soond in air is '626 mHre (2 feet) per degree C. 

Velocity of light: 

Ealomdtres Miles 

per second, per second. 

Fottcault (1862) 298,000 185,171 

Comu(1874) 300,000 186,414 



Velocity of wind: 



Pressure in »„ ,«v««ii- 
Kflogramme, J» P?.~^' 



Fresh breeze 
Strong wind 
Storax . 
Hurricane 



ieoonc 


I. per second 


• "^LX" 


^ f^t: 


7 


23 


6 


1-23 


15 


49-2 


30 


615 


24 


78-7 


78 


16 


45 


147-6 


275 


56-4 



VELOCITIES. 1 47 

Mean veloclt^^ of engine straps : 

Metres Feet 
per sec. per sec. 

Lower limit for transmission of power by pulleys ft. in. 

and straps 11 3 7 

Velocity for small powers 1*5 4 11 

Limit of speed for transmission of energy by 

ropes and cords 25 83 

Velocity of lai^e straps 61 20 

Limit of Telocity for large straps . . .915 3D 

Telocitj^ of translation of the ai'matures of 
some dynamo machines: 

The five-light Gramme machine, revolving at 1300 revolutions par 
minute, with a ring 26 cm. (10-4 inches) in diameter, has a velocity of 
17*7 metres per second (58 feet per second). 

In the new 12-pole machines, the large size of the ring gives the high 
velocity of 43 metres per second (141 feet per second) for the outside of 
the ring. 

In the Ferranti machine, the speed of the middle part of the armature 
18^38 metres per second (124 feet per second), and of the outside part 54 
metres per second (177 feet per second). 

In the Sietnens machines, the small armatures only move over about 
8 to 10 metres per second (26 to 32 feet per second) . The large alternating 
current machines (no iron in the armatures) have as high a speed as 32 
metres per second (105 feet per second). 

Other conditions remaining the same, the higher the speed of trans- 
lation the lighter the machine, and the more its internal resistance can be 
diminished. 

UTork produced by men and horses. -A man turn- 

ing a handle can work 8 hours a day, and produce 6 kilogrammdtres per 
second (43*4 foot-pounds per second). His total daily work is therefore 
172,800 kilogrammfetres (1,249,879 foot-pounds). A draught-horse walk- 
ing and dragging a carriage or a boat at the rate of 1*1 metres per second 
(3 feet 7 inches per second) produces 59*4 kgms. per second (429*6 foot- 
pounds per second), so that in 8 hours it produces 1,712,000 kgms. 
(123,830,672 foot-pounds). A horse trotting or cantering, dragging a 
light carriage on rails at the rate of 4*37 metres per second (14 feet per 
second) can produce 61 kgms. per second (441 foot-pounds per second) for 
4 hours, or a daily work of 881,280 kgms. (6,374,386 foot-pounds). 
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PRACTICAL INFORMATION. 



SPECIFIC GRAVITIES {Wurtz and Eankine). 
Weight in Okammxs of ons Cubic XSBxrriMiTBS at (TC. 







Metals. 




Xridiuin 


, , 


22-38 


Brass (wire). 


8-54 


Platinum 


21 to 


22 


Steel . . 7-8 to 


7-9 


Gold . 


19 to 


19-6 


Wrought iron 


7-8 


Lead . 




11-4 


Tin . . 7-3 to 


7-6 


Silver . 




10-5 


Zinc 


719 


Bismuth 




9-82 


Cast iron .... 


7- 


Copper (hammered) 




8-9 


Selenium (black) . 


4-8 


„ (rolled) . 




8-8 


„ (red) . . . 


4-5 


„ (cart) . 




8-6 


Aluminium (rolled) 


2-67 


Cadmium (rolled) 




8-69 


Magnesium. 


1-74 


Nickel (cast) 




8-57 


Sodium .... 


•97 


Bra88(cast). 


7-8 to 


8-4 Lithium .... 
Insulators. 


•59 


Flint . 


3 to 


3.6 


Silica 


1-7 


Crown 




2-6 


Pitch . ... 


1-66 


Green glass 




2-64 


Tar 


1-02 


Plate „ . . 


-» 


2-8 


Hooper*s indiarubber . 


1-18 


Marble 




2-7 


Guttapercha . *97 to 


•98 


Paraffin 




•87 


Indiarubber 


•98 


Quartz 




2-66 


Ebonite .... 


116 


Porcelain 


21oto 


2-3 


Sulphur (octohedral; . 


207 


Ivory . 




1-8 


,, (prismatic) . 


1-97 






Liquids. 




Mercury 




13-596 


Olive oil .... 


•916 


Bromine (at 15^) 




2-99 


Naphtha .... 


•848 


Carbon bisulphide 




1-263 


Alcohol (pure) . 


•791 


Sea-water . 




1-026 


Petroleum .... 


•878 


Water at 4^ 




1 


-Ether .... 


•716 




Various substances. 




Carr^^s carbon . 


. 


1-62 


Coke . . . . Ito 


166 


Retort carbon 


. 


1-91 


Iceat4' .... 


•02 


Diamond . 


. 


3-5 


Loose snow. 


•1 



SPECIFIC GRAVITIES. 
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TABLE OP THE DEQEEES OP BAUMi. CAKTIEE, AND GAY-LUSSAC. 

Fob Liqcios liobtbb than Water, with thsib coBBSSPOHDUie 

Specipic Gbavitiss. 

The Qay.Luisac degreee oorrespond to the percentagre by Tolnme in a mixture 

of water and alcohol at 15^ C. (Agenda du Chimi$te). 



DEGREES. 


SPECIFIC 


DEGREES. 


SPECIFIC 








^ 




^ 


^ 




SI 


g 


§ 


GRAVITr. 


SI 


p 


GRA VI rY. 




5 


Q 


h9 

1 






1 


I 


Hi 






10 


10 


1 






31 


•965 








1 


-999 




15 


82 


•964 








2 


•997 






83 


•963 








3 


•996 


16 




34 


•962 








4 


•994 






85 


•96 




11 


11 


5 


•993 






86 


•959 








6 


•992 




16 


87 


•957 








7 


•99 






38 


•956 








8 


•989 


17 




89 


•954 








9 


•988 






40 


•963 




12 




10 


•987 




17 


41 


•951 






12 


11 


•986 






42 


•949 








12 


•984 


18 




48 


•948 








13 


•988 






41 


•946 








14 


•962 






45 


«45 








15 


•981 




18 


46 


•943 








16 


•98 


19 




47 


•941 




13 




17 


.979 






18 


•94 






13 


IS 


•978 






49 


•938 








19 


•977 


£0 


19 


50 


•936 








20 


•976 






51 


•934 








21 


•975 






52 


•932 








22 


•974 


21 


20 


53 


•93 




14 




23 
24 


•973 

•972 






54 
55 


•928 
•926 






14 


25 
26 
27 


•971 

•97 

•969 


22 


21 


56 
57 
58 


•924 
•923 
•92 








28 


•968 


23 


22 


59 


918 




15 




29 
80 


•967 
•966 


^ 




60 
61., 


•915 
•918 





^ o»' ^ V 
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PRACTICAL INFORMATION. 



DEQEEES. 


SPECIFIC 
GRAVITY. 


DEGREES. 




1 

24 


1 


-< 

OQ 

1 

i 


1 


,6 


1 

>• 

5 


SPECIFIC 
GRAVITF. 


23 


62 


•911 






82 


•86 






63 


•909 


34 


32 


83 


•857 


25 




64 


•908 


35 




84 


•854 




24 


65 


•904 




33 


85 


•851 






66 


•902 


36 


34 


86 


•848 


26 




67 


•899 






87 


•845 




25 


68 


•896 


37 


35 


88 


•842 


27 




69 


•893 


38 


36 


89 


•838 




25 


70 


•891 






eo 


•835 


28 




71 


•888 


39 


37 


91 


•832 




27 


72 


•886 






92 


•829 


29 




73 


•884 


40 


38 


93 


•826 




28 


74 


•881. 


41 




94 


•822 


30 




75 


•879 


42 


39 


95 


•818 






76 


•873 


43 


40 


96 


•814 


31 


29 


77 


•874 


44 


41 


97 


•81 






78 


•871 


45 


42 


98 


•805 


32 


30 


79 


•868 


46 


43 


99 


•8 






80 


•8'»5 


47 


41 


100 


•795 


33 


31 


81 


•863 


48 






•791 


Note.— If the temperature be (15 + 
order to obtain the percentage of ulcoh 


ol. (•4n) must be added if t = 15° -n. 



Density of wBter at ordinary temperatures.— 

(Rossetti) : 



Temperaturp. 


Densities. 


Temperature. 


Densitie 


0° . . 


. . ^999871 


15° . . 


. . ^99916 


2° . . 


. . ^999928 


20° . . 


•998259 


4° . . 


. 1 


25° . . 


. . ^99712 


6° 


•99997 


30° . . 


. . 995765 


8^ . . 


. . -999886 


100' . 


. . -95865 


10° . . 


. -999747 







SPEOIFIO GRAVITIES. 
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TABLE OF THE DEGBEES OF BAUm£ AND BECK 
Fob Liquids Hbatixb thav Watsb, with ooiu»8POVDnia SPBCirio Gbatitixs. 



Dbobxss 

BAUMi 
OB BXCK. 


COBBBSPOHDING 

Spbcwic Gbavitus. 


Dfobxes 

Bauhs 

OB Beck. 


COBBXSPOVDIHQ 

Spxcinc Gbavitixs. 


BAUMi. 


Beck. 


BAUMi. 


Beck. 





1 


1 


37 


1-3447 


1^782 


1 


1-0039 


1-0059 


38 


1-3574 


1-2879 


2 


1014 


10119 


30 


1-3703 


1-2977 


3 


1-0212 


1-018 


40 


1-3834 


1-3077 


4 


10285 


10241 


41 


1-3968 


1-3178 


5 


1-0358 


10303 


42 


1-4105 


1-3281 


6 


10134 


1-0366 


43 


1-4244 


1-3386 


7 


10509 


1-0429 


44 


1-4386 


1-3402 


8 


1-0587 


10494 


45 


1-4631 


1-38 


9 


10665 


1-0559 


46 


1-4878 


1-371 


10 


10744 


1-0625 


47 


1*4828 


1-3821 


11 


1-0625 


1-0692 


48 


1-4084 


1-3034 


12 


1-0907 


1-0759 


40 


1-5141 


1-405 


13 


1099 


1-0628 


50 


1-6301 


1-4167 


U 


1-1074 


1-0607 


51 


1-5466 


1-4286 


15 


1-116 


1-0968 


52 


1-5633 


1-4107 


16 


1-1247 


1-1039 


53 


1-5804 


1-453 


17 


1-1335 


1-1111 


54 


1-5978 


1-4655 


18 


11425 


1-1184 


55 


1-6158 


1-^83 


10 


11516 


1-1258 


56 


1.6342 


1-4012 


20 


1-1606 


1-1333 


57 


1-6529 


15044 


21 


1-1702 


11400 


58 


1-672 


1-5170 


22 


1-1796 


11486 


59 


1-6916 


1-5315 


23 


1-1896 


1-1566 


60 


1-7116 


1-5454 


24 


1.1994 


1-1644 


61 


1-7322 


1-5596 


25 


1-2005 


1-1724 


62 


1-7632 


1-5741 


26 


1-2196 


1-1806 


63 


1-7748 


1-5888 


27 


1-2801 


11888 


64 


1-7969 


1-6038 


28 


1-2407 


1-1072 


65 


1-8195 


1-610 


29 


1-2515 


1-2057 


66 


1-8428 


1-6346 


80 


1-2624 


1-2143 


67 


1-839 


1-6505 


31 


1-2736 


1-2230 


68 


1-864 


1-6667 


32 


1-2840 


1-2310 


60 


1-885 


1-6832 


33 


1-2965 


1-2400 


70 


1-909 


1-7 


34 


1-3082 


1-25 


71 


1*935 




35 


1-3208 


1-2503 


72 


1-96 




86 


1-3324 


1-268 
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PRACTICAL INFORMATION. 



SPECIFIC aRAYITIES 
Of Solutioks or Sulphubzc Acid nr Wateb at 15^ C. (/. JTolb). 





m 


100 Parts BT WiwHT | 




CO 


100 Pabts BT Weioht 1 


1 


3 




coirrAiif 




•ri 


H 




CONTAIN 












g 


i 




















i 


1 


i 


8 


si 


i 


1 


Pi 


A 


_ D 

gp3 


1 


H 


i 


% 


^S 


1 


1 


i 


i 


^"8 




CQ 




W 


IS 






n 


5 





1 


•7 


-9 


1-2 


3i 


1-308 


82-8 


40-2 


61-1 


1 


1-007 


1-5 


1-9 


2-4 


35 


1-32 


83-9 


41-6 


53-3 


2 


1-014 


2-3 


2-8 


3-6 


86 


1-382 


85-1 


43 


65-1 


3 


1-022 


31 


3-8 


4-9 


37 


1-845 


86-2 


44-4, 


56-9 


4 


1029 


3-9 


4-8 


61 


38 


1-357 


87-2 


45-5 


58-8 


5 


1037 


4-7 


6-8 


7-4 


39 


1-37 


88-3 


46-9 


60 


6 


1-045 


5-6 


6-8 


8-7 


40 


1-383 


39-5 


48-8 


61-9 


7 


1-052 


6-4 


7-8 


10 












8 
9 
10 


1-06 

1-067 

1075 


7-2 

8 
8-8 


8-8 
9-8 
10-8 


11-3 
12-6 
13-8 


41 
42 
43 


1-397 

1-41 

1-424 


40-7 
41-8 
42-9 


40-8 
51-2 
52-8 


63-8 
65-6 
67-4 












44 


1-438 


44-1 


54 


691 


11 


1083 


9-7 


11-9 


15-2 


46 


1-453 


45-2 


55-4 


70-9 


12 


1091 


10-6 


13 


16-7 


46 


1-468 


46-4 


56-9 


72-9 


18 


11 


11-5 


141 


18-1 


47 


1-483 


47-6 


58-3 


74-7 


14 


1-108 


12-4 


15-2 


19-5 


48 


1-408 


48-7 


59-6 


76-3 


15 


1-U6 


13-2 


16-2 


20-7 


49 


1-514 


40-8 


61 


78-1 


16 


1125 


14-1 


17-3 


22-2 


50 


1-580 


51 


62-5 


80 


17 


1134 


151 


18-5 


23-7 












18 
19 
20 


1142 
1-162 
1-162 


16 
17 
18 


19-6 
20-8 
22-2 


251 
26-6 
28-4 


51 
52 
53 


1-540 
1-568 
1-58 


52-2 
53-5 
54-9 


64 

66-5 

«7; 


82 

83-9 

85-8 












54 


1-597 


56 


68-6 


87-8 


21 


1-171 


19 


23-3 


29-8 


56 


1-615 


571 


70J 


89-6 


22 


118 


20 


24-5 


31-4 


56 


1-634 


58-4 


71-6 


91-7 


23 


1-19 


211 


25-8 


33 


57 


1-652 


59-7 


73-2 


937 


24 


1-2 


221 


27-1 


34-7 


58 


1-672 


61 


74-7 


95-7 


25 


1-21 


23-2 


28-4 


86-4 


59 


1691 


62-4 


76-4 


97-8 


26 


1-22 


24-2 


29-6 


37-9 


60 


1-711 


68-8 


781 


100 


27 


1-231 


25-3 


31 


39-7 












28 
29 
90 


1-241 
1-252 
1-263 


26-3 
27-3 
28-8 


32-2 
33-4 
34-7 


41-2 
42B 
44-4 


61 
62 
63 


1-732 
1-758 
1-774 


66-2 
66-7 
68-7 


79-9 
81-7 
841 


102-3 
104-6 
107-7 












64 


1-796 


70-6 


86-5 


110-8 


31 


1-274 


29-4 


36 


46-1 


65 


1-819 


73-2 


89-7 


114-8 


Si 


1*285 


30-5 


37-4 


47-9 


66 


1-842 


81-6 


100 


128 


33 


1-297 


31-7 


38-8 


49-7 













DENSITIES OP SOLUTIONS. 
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DENSITIES OP SOLUTIONS OP NITBIC ACID AT 15*'0., 

GlTlNO THB PXBCXNTAei OW NiTBIC AciD HNO3 OR NiTKIC AsHTDKIDl N2O5. 



cd 






M 




M G 




1 


DseBKSs 


COMPOSITIOH. 


k 


3! 


1 


BOILINO 
POIkT. 










k 


'H 




1-522 


49-3 


HNOs 





100 


85-8 


86° 


1-488 


46-5 


+ I/2H2O 


11-25 


88-75 


751 


99 


1-452 


45 


H,0 


22-22 


77-78 


66-7 


115 


1-42 


42-6 


3/2 H2O 


30 


70 


601 


123 


1-39 


40-4 


2H2O 


36-36 


63-64 


54-5 


119 


1-361 


35-2 


5/2 H2O 


41-67 


58-33 


60-1 


117 


1-338 


36-5 


3H2O 


46-16 


53-84 


46-2 


117 


1.315 


34-5 


7/2 HjO 


50 


50 


42*9 


113 


1-297 


38-2 


4H80 


53-88 


46-67 


40-1 


113 


1-277 


31-4 


9/2 HjO 


56-25 


4375 


37-6 


113 


1-26 


29-7 


5 HsO 


58-82 


4118 


35-4 


113 


1-245 


28-4 


11/2 H,0 


61-11 


38-89 


33-4 


113 


1-232 


27-2 


6 H2O 


6316 


36-84 


31-6 


113 


1-219 


25-8 


ia'2 HgO 


65 


35 


30-1 


113 


1-207 


24-7 


7H2O 


66-67 


33-33 


28-6 


108 


1-197 


23-8 


15/2 H2O 


68-18 


31-82 


27-3 


106 


1-188 


22-9 


8HaO 


69-56 


30-44 


26-1 


108 


118 


22 


17/2 HjO 


70-83 


29-17 


25 


106 


1-173 


21 


9HaO 


72 


28 


24 


106 


1-166 


20-4 


19/2 H3O 


7308 


23*92 


231 


108 


116 


19-9 


IOH2O 


74-07 


25-98 


22-2 


108 


1-155 


19-3 


21/2 H2O 


75 


25 


21-4 


about 104"* 



DENSITIES OP SOLUTIONS OP ZINC SULPHATE AT IS'' C. (Gerlocfc). 



ZnSOiFBBlOO 

BT WXIOHT. 


DBH8ITIE8. 


Z11SO4 + 7HaO 
piB 100 BT Wbiobt. 


DBM8ITIE8. 


5 


10288 


35 


1-231 


10 


1-0593 


40 


1-2709 


16 


10905 


45 


1-31 


20 


1-1238 


50 


1-8522 


25 


11574 


55 


1-3966 


30 


11933 


60 


1-4451 
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PRACTICAL INFORMATION. 



DENSITIES OF SOLUTIONS OP COMMON SALT AT +15*» C. 
iQerlaeh), 



NaCl 
pbbICObtWbioht. 


DSHSITIIS. 


NaCl 

PXB 100 BT WbIQHT. 


DXH8ITIX8. 


2 

4 
6 
8 
10 
12 
14 


1-01450 

1-029 

1-01366 

1-05851 

1-07335 

1-08850 

110384 


16 
18 
20 
. 22 
24 
26 
28-3a.* 


1-11938 
113523 
1-15107 
1-16755 
118104 
1-20008 
1-20433 



* Satuiation. 



SPECIFIC GRAvrnr op gases and yapours 

{BeHhelot). 







Weioht IK Gbakicbs 






OF 


NAMES. 


Dbnsitt, 

AlB BEIlfO 1. 


▲ CUBIO DSCIKiTBX 

AT 
0^ C. AND 760 MM. 

Pbxssubb. 


Air 


1 


1*2932 


Oxygen 












1-056 


1-43 


Hydrogen 












•03926 


*08958 


Nitrogen 












•9714 


1-256 


Chlorine 












2-47 


3-18 


Bromine 












554 


716 


Iodine 












8-716 


11-3 


Mercury 












6-976 


8-96 


Ammonia 












•597 


•761 


Oxide of carbon 










-968 


1-254 


Carbonic acid 










1-529 


1-9774 


Vapour of water 








•6235 


•806 


„ of absolute alcohol 




1-613 


2095 


,, of sulphuric ether 




2586 


3-395 


„ of essence of turpen- 








tine 




6013 


6-512 



BAROMETER. 
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DENSITIES OF SOLUTIONS OF COPPER SULPHATE AT 15^ C. (Gerloch). 



PBRCBNTAaii BY 




Pbecbntaob bt 




Weight oi- 


Dbssitibs. 


Weight or 


DSNSITIBS. 


CtiS04 + 6H2O. 
2 




CtiS04 + 5H2O. 




10126 


14 


10923 


4 


10254 


16 


11063 


6 


1-0384 


18 


11208 


8 


10516 


20 


1-1354 


10 


10649 


22 


11501 


12 


10785 


24 


11660 



BABOmETER. 

Correct fonnula for reduction to 0° of the height 
of the barometer. 



A = H 



5550 
5550 + 1 



(1+KO. 



h, reduced height ; H, observed height ; t, temperature at the time of 
observation in degrees C. ; K, linear coefficient of expansion of the scale. 

For brass K = -000016782. 

„ crystal K = -00007567. 



MEAN HEIGHT OP BAROMETER FOR DIPPERENT HEIGHTS 
ABOVE THE SEA LEVEL. 



Height. 


Hbight of 
Babomstsb. 


Height. 


Height of 
Barometeb. 


metres. 


millimetres. 


metres. 


millimetres. 





762 


1147 


660 


21 


760 


1269 


650 


127 


750 


1393 


640 


234 


740 


1519 


630 


842 


730 


1647 


620 


453 


720 


1777 


610 


564 


710 


1909 


600 


678 


700 


20« 


590 


7»3 


690 


2180 


580 


909 


660 


2318 


570 


1027 


670 


2460 


5ti0 
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PRACTICAL INFORMATION. 



MEASUREniEIirT OF TEMPERATURE. 

FAHRENHEIT AND CENTIGRADE THERMOMETER SCALES. 



FAHKtN. 


CwmGBADl. ! 

1 


Fahsen. 


Centigrade. 


Fahrbn. 


Ckhtioradb. 


-4^ 


-20° 


83° 


%6 


70° 


21^11 


— 3 


-19-44 


34 


111 


71 


21-67 


- 2 


-- 18-89 


35 


1-67 


72 


22-22 


— 1 


-18-33 


86 


2-22 


73 


2278 





- 1778 


37 


2-78 


74 


23-33 


1 


-17-22 


38 


3-33 


75 


23-89 


2 


-1667 


39 


3-89 


76 


24-44 


3 


— 1611 


40 


4-44 


77 


25 


4 


-15-56 


41 


5 


78 


25-56 


5 


— 15 


42 


5-56 


79 


2611 


6 


— 14-44 1 


43 


6-U 


80 


26-67 


7 


— 13-89 1 


U 


6-67 


81 


27-22 


8 


-13-33 


45 


7-22 


82 


27-78 


9 


-12-78 


43 


7-78 


83 


28-33 


10 


— 12-22 


47 


8-33 


84 


23-89 


11 


-11-67 


48 


8-89 


85 


29-44 


12 


- 11-11 


43 


9-44 


86 


30 


13 


- 1056 


50 


10 


87 


30-56 


14 


— 10 


51 


10-56 


88 


31-11 


15 


- 9-41 


62 


11-11 


89 


31-67 


16 


— 8-89 


53 


11-67 


90 


32-22 


17 


- 8-33 


64 


12-22 


91 


32-78 


18 


- 778 


55 


12-78 


92 


33-33 


19 


- 7-22 


53 


13-33 


93 


33-89 


20 


- 6-67 


57 


13-89 


94 


34 44 


21 


- 6-11 


53 


14-44 


95 


35 


22 


- 5-56 


59 


15 


96 


35-56 


23 


- 5 


60 


15-56 


97 


3611 


24 


- 4-44 


61 


1611 


98 


36-67 


25 


- 3-89 


62 


16-67 


99 


37-22 


26 


— 3-33 


63 


17-22 


103 


3778 


27 


- 273 


64 


17-78 


101 


38-33 


28 


- 2-22 


65 


18-33 


102 


38-89 


29 


- 1-67 


66 


18-89 


101 


39-44 


30 


— Ill 


' 67 


19-44 


lOi 


40 


31 


— 0-58 


68 


20 


105 


40-58 


32 





69 


20-56 


103 


41-11 



MEASUREMENT OF TEMPERATURE. 
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DETERMINATION OF HIGH TEMPERATURES 
In Dbgeses C. bt thi Colour of Hot Platihum {PouUlet), 



Colour or 


COEBESFONDINO 


Colour or 


CORRBSPOVDZHO 


Platutum. 


Temperature. 


Platisum. 


Txmpbraturs. 


BegiBniog to be rur. 


5^ 


Dark orange . 


ii8o 


Dark red . . 


700 


Bright oniLge . 


1200 


Beginxdng to be) 
cheny-red ) 


£00 1 


1300 


Welding white . 


1403 


Cberry-red . 


soo 


Dazzlii^ white . 


1503 


Bright cberry-red 


lOOJ 1 

t 







CUBIC COEFFICIENTS OF EXPANSION OF SOME SOLIDS 
For 1' between 0' utd ICO' C. 



Solid. 


Cosrric. 


SoLin. 


Coirric 




00000 




00000 


Steel 


11503 


Granite . . . . 


06825 


Tempered atcel 




12250 


Gypsum . 


14010 


Altuniniiun • 




28»)9 


White marble . 


10720 


surer . . 




19097 


Black marble 




> 04860 


Pine wood 




08580 


: Gold. . 




15136 


Bricks 




05502 


Platinum . 




08842 


Bronze 




18492 


Lead. . 




1 28464 


Pine charcoal . 




10300 


Fluor spa" 




I 90700 


Brass. . . 




18782 


Glass tube 




1 06969 


Copper . . 




17182 


„ rod 




09220 


Tin . . . 




21730 


; PLiin glass 




C8613 


Wrought iron . 




11821 


Plate glass (St. 


Gubaiu) . 


08909 


Ironwiie . 




14401 


Flint glass 




06167 


Castirou . 




lllCO 


Zinc . . . . 


29680 


Ice from — 27 to — 1 


51813 


1 
1 





CUBIC COEFFICIENT OP EXPANSION OF MBBCURT. 
Absolute between 0° and lOO^K > ^= 0^)03180180. 



Apparent in glass : q^ = 0*0001544. 
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PRACTICAL INFORMATION. 



MELTING AND BOILIFO POINTS OF COMMON SUBSTANCES. 
Thi Boilxvg Poihtb Dbtbucdtio at thi Pbusurb or 760 mm. or Msbcubt. 



SUBSTANCES. 



Absolate alcohol 

AUoTS (S«e Fusible alloTs) . 

Alamimmn 

Amber 

Antimony ' 

Arsenic 

Benzine 

Bismnth 

Bromine .... 

Bronze 

Butter 

Cadmium 

Cane sugar 

Carhon bisulpbide 

Carbonic aoia 

Cast iron 

Caustic potash (saturated solution) 
Chloride of sodium (saturated solution) 

Cop^r *, . 

Distilled water 

Essence of turpentine . . . . 

Fineffold 

GoldJ^Vffths 

Iodine 

Lead 

Linseed oil 

Mercury ....... 

Nitrate of silvtr 

Olive oil 

Palm oil 

Paraffin 

Petroleum 

Phosphorus 

Platinum ....... 

Sea water 

Selenium 

Silver 

Spermaceti 

Stearic acid 

Stearine 

Steel 

Sulphur 

Sulphuric ether 

Sulphurous add 

Tallow 

White wax 

Wrought iron 

Yellow wax 

Zinc 



MSLTZWO. 



< - 90 

eoo 

288 
440 
210 
7 
265 
- 7-5 
900 
30 
3i0 
160 

1050 to 1200 



1050 


- 10 
1250 
U80 

107 
335 

- 20 

- 39-5 
196 

2*5 
29 
43-7 

"44-2 
20D0 
- 2-5 
217 
1003 
4i9 
70 
61 
1300 to 1400 
114-5 

- 32 

- 79-2 
33 
762 

1500 to 1600 
68-7 
412 



BOXUHO. 



MEASUBEMSNT OF TEMPERATURE. 
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Boiling points of liquids at pressure V60 
of mercnry {Regnault), 

D o gre oB . 
AbBolnte alcohol (?) - 90 



^iher 

Alcohol 

Ammoiua . . 

Benzine 

Carbon bisalphide 

Carbonic acid . 

Chlorine 



. 34-97 

. 78-28 

- 38-5 

. 80-36 

. 46-20 

- 78-2 

- 33-6 



Chloroform 
Essence of turpentine 
Mercury . 
Nitrogen monoxide 
Salphnrio acid 
Salphurous acid 
Water 



Degrees. 
. 6016 
. 150*15 
. 357*25 

- 87-9 

- 61-8 

- 10-08 
. 100 






HEAT DISENQAGED BT THE OXYDATION OF 1 GRAMBCE {Enerett), 

Ih Calobiss (Grakiu DxaaBi). tfjj 



SUBSTANCES. 



Alcohol . 
Carbon 

Carbon monoxide 
Copper 
Hydrogen 
Iron . 
Marsh gas . 
Oleflantgas 
PhoBphoms 
Snlphnr . 
Tin . . . 
Zinc . . . 



COMPOUVD 
FOBMSD. 



Cr»2 
CO2 
CnO 
H2O 
Fe804 
CO2 + HjO 

P2O5 
SO3 
Sn02 
ZnO 



Hbat 

DlSESOAeSD. 



6,900 

8,000 

2,420 

602 

34,000 

1,576 

13,100 

U,900 

5,747 

2,300 

1,233 

1.301 



HEAT DISBNOAGID BT THE COMBINATION OF 1 GRAMME 
WITH CBLORINE (Ewett). 



SUBSTANCES. 



C0]IP.>UMD 
FOBMBO. 



Heat 

DiSEBOAQBD. 



Copper 
Hydrogen 
Iron . 
Potassiom 
Tin . 
Zinc . 



CnQa 

HCl 

FeaC'6 

Ka 

SnCli 
ZnCl2 



961 
23,033 
1.745 
2,655 
1.079 
1.529 



160 PRACTICAL INFORMATION. 

Heat disengraged (+) or absorbed (-) by ehc- 
inlc^al actions {Favr$ and Silbermann), (The figures relate to the 
equivalent in grammes in relation to that of hydrogen taken as unity, and 
not to unity of weight.) They are expressed in calories (g.-d.). 

Ozydation of amalgamated zinc + 42,800 

Combioatioii of tine oxide with sulphuric acid + 10,450 

Decomposition of water - 34,450 

Decomposition of copper sulphate .... - 29,000 

Decomposition of nitric acid : 

a. Nitrogen dioxide and oxygen ... - 6,880 

b. Nitrons acid and oxygen .... - 13,650 

Heat disengai:ed by eombastlon of eomnioii 

g^S*— The complete combustion of one cubic metre of gas (=i 3531 7 
cubic feet) produces 8000 calories (kg.-d.). In practice it is reckoned in 
town burners at 5000 calories per cubic metre (35*317 cubic feet) on 
account of the incomplete combustion. In the case of burners which 
bum 100 litres (= 3*5 cubic feet) per carcel the heat developed is 500 
calories (kg.-d.) per hour per carcel. Powerful Siemens burners (40 
litres (=1*4 cubic feet) per carcel) disengage 200 calories (kg.-d.) per 
hour per carcel. 

Heat developed by the electric light in calories 
(kg. -d.) per hour per carcel, neglecting the combustion of the carbons. 

Small incandescent lamps . 10 

Small arc lights (candles) 20 

Powerful arc lights 5 

As one cheval-heure (nearly one horse - power) corresponds to 
270,000 kgm. or 637 calories (kg.-d.) the above figures assume that the 
light produced per cheval or per horse-power of electrical energy is : 

Small incandescent lights 16carcels. 

Small arc lights 32 „ 

Powerful arc lights 128 ,, 

which corresponds tolerably to the mean figures given by experiment. 

Heat of evaporation. — In calories (g-d.) per gramme at a 
pressure of 760 mm. of mercury : 



Water 537 

Methyl alcohol ... 264 

Common alo^ol % . . 208 



Acetic acid .... 103 
Sulphuric Bther ... 1 

Essence of turpentine 69 



RESISTANCES. 
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Heat of fluloil* — ^In calories (g.-d.) per gramme: 
Water . . 79*25 i Tin . U 25 I Phosphonu . 5*03 
Zino . . 2813 | Sulphur 9*37 I Merouiy . 282 

Specific heat. — Solids and liquids : 



In calories (g 


.-d.) per gramme. 






saver . 




•057 


Platinum 


. . . 824 


Copper . 




0952 


Lead . 


. . 0314 


Tin 




•0362 


Sulphur 


. . 1776 


Iron 




•1138 


Zino . 


. . 0956 






•0319 


loe 


•504 


Nickel . 




•1092 


Water . 


. 1 


Qold . . 




•0824 


Alcohol. 


. . 5475 


Spee\fieheati 


)f gases a 


t constant p 


ressurs. 




Air 




-237* 


Ammonia 


. . -5084 


Oxygen. 




•2175 


Carbonic acid 


L . -2169 


Hjdrogen 




3-4990 


Sulphurous add . -1544 



RESISTANCES. 

LIST OF COMMON BODIES 

Im Order op Dxgbzabiho CovDnoriYiTT os IircBEASiira 

Bbsistahcb (Oulley). 



COITDUCTOBS. 


SlMI-OOHDUCTOES. 


IVSULATOBS 
OB DiXLSOTSICS. 


Silver. 


Wood - charcoal and 


Wool. 


Copper. 


coke. 


Silk. 


Gold. 


Acids. 


aiass.t 


Zino. 


Saline solutions. 


Sealing wax. 


Platinum. 


Sea water. 


Sulphur. 


Iron. 


Rarefied air.* 


Besin. 


Tin. 


Melting ice. 


Guttapercha. 


Lead. 


Pure water. 


Indiarubber. 


Mercury. 


Stone. 


Gum lac 




Ice. 


Paraflln. 




Dry wood. 


Ebonite. 




Porcelain. 


Dry air. 




Dry paper. 




* The place in this list of dry air depends on the degree of rarefaction. 
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PRACTICAL INFORMATION. 



Resistance of metals and alloys*— The table below 
enables the calculation to be made of the resistance at 0^ 0. of a con- 
ductor of given material when its length and its sectional area (and its 
diameter, if the conductor be circular) or its length and its weight be 
known. It is only necessary to remember that the resistance of a con- 
ductor is proportional to its length, inversely proportional to its section, 
and inversely proportional to its weight. One of the three coefficients 
a a' or a" is used, taking care to express lengths, sectional areas, 
diameters, and weights in suitable units. 



RESISTANCE OF COMMON METALS AND ALLOTS AT (P C. 

{MaUhieMen). 



METAL. 



Annealed silver . 
Hard silTer 
Annealed copper 
Bard copper 
Annealed gold . 
Hard gold . 
Annealed aluminium 
Compressed 7ino 
Annealed platinum 

„ iron . 

„ nickel. 
Compressed tin . 
lead 
„ antimony 

„ bismnth 
Liquid mercury . 
2 sQver, 1 platinum . 
German silver . 
2 gold, 1 silyer . 




Microhms. 
1-521 
1-652 
1-616 
1-652 
2-081 
2-118 
2-945 
5-689 
9-158 
9-825 

12-60 

13-36 
, 1985 

35-90 
1327 

99-74 

24-66 

21-17 

10-99 



Ohms. 
•01937 



•02057 
•02104 
•02650 
-02697 
-03751 
•07244 
•1166 
•1251 
•1604 
•1701 
•2526 
-4571 
1-689 
1-2247 
•314 
•2695 



(a'O 



Ohms. 
1544 
•168 
•144 
-1469 
•406 
•415 
•0757 
•40-J7 

1^96 
•7654 

1^071 
^738 

2267 

2-411 
1308 
1306 

2950 

1-85 

1-668 



Ohms. 
•377 



365 



365 



•387 
•389 
•354 
•072 
•031 
-044 
•065 



CONDUCTIVITY. 
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EELATIVE CONDUCTIVITT OP COPPEE 
Alloyed with FoBxiair Substancbs.— Pints Coppbb = 100 {MaUhiesMn), 



SUBSTANCES 
FoawHe the Allot with Pum Coppsb. 


COHDTTCTIVITT 

COMPABSD 

WITH POIUI 

COPPEE. 


Tbicpibitueb 
nr DBaBBBS C. 


0-5 % of carbon. 

0*18 „ of sulphur 

0-13 „ of phosphorus .... 
0-95 „ „ .... 
2-5 „ „ .... 
Copper with traces of arsenic . 

2*8 % of arsenic 

5*4 tt tt 

Copper with traces of zinc 

1-6 % of zinc 

3-2 „ „ ..... 

0-48 „ of iron 

1-66 „ „ 

1-33 „ of tin 

2-52 „ „ 

4-9 „ , 

1 22 „ of silver 

2-45,, „ 

S'5 „ of gold 

10*0 ), of aluminium ..... 


77-87 
9203 
70-34 
2416 
7-62 

eo-08 

13-66 
6*42 
88-41 
79-37 
50-23 
35-92 
28-01 
50-44 
83-93 
20-24 
90-34 
82-52 
67-94 
12-68 


o 

18-3 

19-4 

20 

221 

17-5 

19-7 

19-3 

16-8 

19- 

16-8 

10-3 

U'2 

181 

16-8 

171 

14-4 

20-7 

197 

181 

14 



CONDUCTIVITY OF DIFFEEBNT SAMPLES OF COPPEE 
(Matthie$Mn). 



SUBSTANCES. 


COHDUOTIYITT. 


Tbmpxeatubb. 


Pure copper 

Spanish copper (Bio Tiuto) 

Eussian copper 

Australian copper 

American copper 

Polished copper wire 

Hard copper wire 


100 
14*24 
59-34 
88-86 
92-67 
72-27 
71-08 


o 



14-8 
12-7 
14' 
15* 
15-7 
17-3 
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PRACTICAL INFORMATION. 



Influence of temperature on the resistance of 
metals {Ifatthiessen), — ^The resistance of metals increases with the 
temperature according to the following empirical formula : 

n = r{l+at + bfi), 

B = resistance ut temperature t, 

r = resistance at 0^ C. 

t := temperature in degrees 0. 
a and b are numerical coefficients. 

The following are some of the values of a and b : 

Very pure metals 
Mercury 
German silver 
Platinum sOver alloy 
Gold and silver alloy 

CONDUCTIVITY OP METALS. 
Coefficients for temperature t in degrees C. 



a 


b. 


+ -03^824 


+ -00000126 


•0007485 


- 000000898 


•0004433 


+ 000000158 


•00081 


_ 


•0000909 


- -000000082 



METALS. 


COEPPICIBNTS. 


Silver . 
Copper 
Gold . 
Zino . 
Cadmium 
Thi . 
Lead . 
Arsenic 
Antimony 
Bismuth 








c = 100 — -38278 1 + -0009848 1* 
= 100- -38701 1 + -0009009 1« 
c = 100— -36745 t + -0006443 1« 
c-ioo — •S7047t + -0008274 1« 
c = 100- -36871t + -0007575 1« 
c = 100 — -36029 1 + -0006136 1* 
c - 100 — -88756 1 + 0009146 *« 
= 100 — -38996 1 + -0008879 1« 
= 100 — -39826 1 + 0010864 i« 
1 o:sl00— -85216 1 + -0005728 1* 


Mean 




. . c = 100- -37647 1 + -0008340 1« 



Influence of temperature on the resistance 
and conductivity of pure copper.— Increase of tempera- 
ture diminishes the conductivity and increases the resistance of copper. 
Between (f and 100** this variation is about j^fsz P^ degree centigrade. 

The annexed table gives the coefficients by which the resistance of 
pure copper wire must be multiplied in order to obtain its resistance at 
t degrees between 0^ and 30^ and the corresponding figures for the con- 
ductivity table. 



RESISTANCE OF CARBONS. 
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RESISTANCE AND CONDUCTIVITT OP PURE COPPER AT DIPPER. 






ENT TEMPERATURES. 




k 


1 


1 


■ s 


i 


1 


0° 


1- 


1- 


16° 


106168 


•9419 


1 


100381 


•99624 


17 


1-06563 


*93841 


2 


1-03756 


•9925 


18 


1*06959 


•93494 


3 


1-01135 


-98878 


19 


107356 


•93148 


4 


1-01515 


•98506 


1 20 


107742 


•92814 


5 


101896 


•96139 


21 


1-06164 


•92452 


6 


10228 


-97771 


22 


106553 


•92121 


7 


1-02668 


•97406 


23 


106954 


•91782 


8 


103048 


•97012 


24 


1-09356 


•91445 


9 


1-03485 


•96679 


25 


1-09763 


•9111 


10 


1-08822 


•96819 


26 


110161 


•90776 


11 


1-04199 


•9597 


27 


110367 


•90M8 


12 


104599 


-95603 


28 


111972 


•90113 


18 


1-0499 


•95247 


29 


111382 


•89784 


14 


1-05406 


•94893 


30 


1^11782 


•89457 


1. 


105774 


*94541 









Electric light carbons (M, JoubertU ezperiments). 
Carrels Carbons, — Specific resistance : 3927 microhms at 20^ C. 

RESISTANCE OP CYLINDRICAL CARBONS PER M^lTRE. 



DlAXBTBB 


RSBIITAirCB 


DiAXBTXR 


RsSISTAirGS 


XV MlI.LIlliTBXS. 


XV Ohhs. 


nr Mii.i.iMiTBis. 


iM Ohhs. 


1 


50 


8 


•781 


2 


12-5 


10 


•5 


8 


555 


12 


•348 


4 


3125 


15 


•222 


5 


2' 


18 


•154 


6 


1-39 


20 


•125 



The resistance diminishes as the temperature increases. Between 0^ 
and 100° C. the coefficient of reduction is j^j^ P®'' d^gi^ee centigrade. 
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PBACTICAL INFORMATION. 



Retort carbon, — Specific resistance 66750 microhms, about. 
Oraphite.^-Yery variable, between 2400 and 42000 microhms. 
Gattdin's carbon (Mignon and Bonart). — Specific resistance 8513 

microhms. Between 0** and 100^ C, the resistance diminishes -s^th. 

Coating of carbons with metal under ordiniuy conditions reduces their 

resistance to ? of its original yalue. 



Metalloids* — Crystallised selenium, 
60,000 ohms. 

Sed phosphoru8,^12/2 ohms at 20^ 
Tellurium,'-''21Z ohms at 20°. 



Specific resistance at 100* C. , 



Specific resistance of some liquids at 14° and 24° in 

ohms per cubic centimetre {Blavier), 

Solution of copper sulphate (8 per cent.) 

,, „ (28 per cent.) 

Saturated solution of zinc sulphate . 
Solution of sulphuric acid (denaitx = 1*1) 

„ „ (density = 17) 

Nitric acid (density = 1-36) . 

Distilled water (PowXlet), unknown temperature . 988 

IMstilled water with --L- of sulphuric add . . 1550 
20000 



le 


240 


457 


371 


247 


18-8 


21-5 


17-8 


-88 


73 


4-67 


3-07 


1-45 


1-22 



CONDUCTIVITY OP SOLUTIONS. 
Purs Copfxs ^ 100,003,000 (MaUhieBsen.) 



SOLUTIONS. 



CSHTIOBADS 

Tempbbatube 



L Copper sulphate concentrated 

„ „ with an equal volume of water 

„ „ with 8 volumes of water 

2. Common salt concentrated 

„ „ with an equal volume of water 
„ „ with 2 volumes of water . 
,, „ with 3 volumes of water . 

3. Zinc sulphate concentrated . 

„ „ with 1 volume of water . 
,, „ with 3 volumes of water . 



CORDUOTIVITI, 



13^ 



l*** 



5*42 

3-47 
2*08 

31-52 
23-08 
17-48 
13-58 

5-77 

7-1 

5-43 



RESISTANCE OF SOLUTIONS. 
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SPECIFIC EESISTANCB OF SOLUTIONS OF SULPHUBIC ACED. 

(MaUhiessen), 





Percbhtags 

BY WBIGHT or 

Sulphuric Aao. 


Cbhtigradb 

TSMFBBATDBB. 


BSSISTAVCI. 


1-003 


-5 


o 
161 


16-01 


1018 


2-2 


15-2 


6-47 


1053 


7-9 


13-7 


1-884 


1080 


12 


12-8 


1-368 


1147 


20-8 


13-6 


•96 


1-190 


26-4 


13 


•871 


1-215 


29-6 


12-3 


-83 


1225 


30-9 


13-6 


•862 


1252 


34-3 


13-5 


•874 


1-277 


37-3 


— 


-920 


1-348 


45-4 


179 


-973 


1-393 


505 


14-5 


1-086 


1-463 


60-6 


13-8 


1549 


1-638 


73-7 


143 


2-786 


1-726 


81-2 


163 


4-337 


1-827 


92-7 


14-3 


5-32 



2° 

4^ 



SPECIFIC EESISTANCE OF NITRIC ACID (D = 1-J 
(Tbkpbbatubb in Dcobbes C.) 

9 I 24'' 



1-94 
1^83 



8' 
12^= 



1-65 
1-5 



16» 
20^ 



1-39 
1-3 



1-22 
1-18 



SPECIFIC RESISTANCE OP SOLUTIONS OF COPPER SULPHATE 
AT 10^ C. (Eviing and MacQregor) . 



Dbmsitt. 


SPEGirio 
Rbsistancb. 


Density. 


Specific 
Resistance 


10167 
10216 
1-0818 
1-0622 
1-0858 
11174 


1644 
134 8 

987 

59 

47-3 

88-1 


11386 
1-1432 
1-1679 
11823 
1-2051 (satnxated) 


35 

341 

31-7 

30-6 

29-3 
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SPECIFIC RESISTANCE OF SOLUTIONS OF ZINC SULPHATE 
AT IQP C. (Ewing and MiicQregor). 



DXVSITT. 


SpxciriG 

BiSZSTANCE. 


Dbvsitt. 


Spkcific 
Besistamce. 


1-014 


182-9 


1-2709 


28-5 


10187 


140 5 


1-2891 


28-3 (minimiun) 


10278 


1111 


1-2895 


28-5 


1-054 


638 


1-2987 


28-7 


1076 


50-8 


13288 


29-2 


1-1019 


421 


1353 


31- 


1-1582 


337 


1-4053 


32-1 


1-1845 


321 


1-4174 


33-4 


1-2186 


303 


1-422 (saturated) 


33-7 


1-2562 


29-2 







The above table shows that the most saturated solution is not always 
the best conductor ; the same phenomenon is observed with a solution of 
common salt. 

Mixtures of zinc sulphate and copper sulphate. 

— The resistance of this mixture is always less than the mean of the 
resistances of the two solutions, often it is less than the resistance of the 
least resisting solution {Ewing and MacOregor), 



APPROXIMATE SPECIFIC RESISTANCES OF WATER AND ICE 

{Ayrton and Terry). 



CSBTTIOBADB 

Tempbbatu&b. 


Specific 
Resistanci 
IN Mboohhs. 


Ceittiorade 
Tbmperatuee. 


SpBcinc 
Resistancb 
iH Megohms. 


o 

- 12-4 

- 6-2 

- 5-03 

- 3 5 

- 30 

- 246 

- 1-5 


2240 

1023 
948-6 
642-8 
569-3 
484-4 
387-6 


o 

- -2 
+ -75 
+ 2-2 
+ 4 
+ 7-75 
+ 1102 


284 
118-8 
24-8 
9-1 
•64 
•34 



RESISTANCE OF GUTTAPERCHA. 169 

Specific resistance of glass {G, FoussereaUf 1882). 

Common fflass, soda and lime, d =z 2539. 

Speciflo resistanoe in 
Temperature. millions of megohms. 

+ 61-2^ -705 

+ 20' 91 

— 17=' 7970 

Mard Bohemian fflass, d = 2*431. It has 10 to 16 times less resis- 
tance than common glass at the same temperature. 

Flint glasSy d = 2-933. It is from 1000 to loOO times better insulator 
than common glass at the same temx)erature. Its conductiTity only 
begins to be manifested above 40° C. 

At 46° specific resistuice . . . = 6182 million megohms. 
.,105° „ „ . . . = 11-6 „ 

Approximate specific resistance of Insulators 
alter several minutes of electrification {Ayrton and 

Perry). 

Specific resistance Centigrade 

in m^ohms. Temperature. 

Mica 84 X 108 20^ 

Guttapercha 450 x 10« 24° 

Gum lac 9,0D0 x 10« 28° 

Hooper's compound 15,0J0 x 10* 24° 

Ebonite 28,000 x 10« 46° 

Paraflln 34,000 x 10« 46° 

Glass Not accurately measured, but 

greater than the preceding. 
Air Practically infinite. 

Specific resistance of gruttaperctaa*— Yaries from i 
to 20, according to the quality and degree of purification. It depends in 
one and the same sample on the temperature, the time of electrification, 
and the external pressure. 

For certain samples at 24° C, the specific resistance =r 25 X 10^ ohms. 

For the best quality at 24° C. , its specific resistance z=: 600 X 10^'^ ohms. 

Generally manufacturers are required to supply at the specific resis- 
tance of 200 X 10^2 ohms. This figure is often very much exceeded by 
good manufacture. 

In/lttence of temperature (Clark and Bright* 8 empirical formula) : 

It =1 "Bi^a^. 

B specific resistanoe at temperature t. 

Bo specific resistance at 0° C. 

a coefficient of which the mean value is '8944. 
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Injluenee of length of time of electriJieatUm, — ^The specific resistance 
increases with the duration of the current which traverses the gutta- 
percha. The yariation is less the higher the temperature. The following 
table shows the influence of these two factors. 









^ 






I i 


h 


h 


I 1 


h 


\% 


00 < 


s < 


^ i 


m A 


m < 


» 1 


s 


s 


S 


s 


Ed 






cq 






1 


loo- 


5-61 


21 


230-8 


738 


2 


ms 


6- 


30 


250-6 


7-44 


6 


163-1 


6-06 


60 


290-4 


7-6 


10 


190-9 


6.94 


90 


318-3 


766 



In cable testing, one minute is generally taken as the time of electrifi- 
cation. 

Iri/lttenee of pressure. — ^Pressure increases the insulation according to 
the following empirical formula : 

Rp=R(l + -00327 i?). 

Bp specific resistance at pressure p, 

B specific resistance at atmospheric pressure. 

p pressure in kilog^rammes per square centimetre, or in atmospheres. 

At a depth of 4000 metres, the specific resistance is more than doubled. 
The coefficient varies with the quality, and increases with the length of 
time the guttapercha has been in the water. 



Specific resistance of indiambber. — Yulcanised 

rubber, or Hooper's compound, has been used sometimes for cables. Its 
resistance is greater than that of guttapercha, varies less with tempera- 
ture ; but indiambber attacks the copper, which ought to be tinned. The 
insulator must also be applied, not in a pasty state like guttapercha, but 
in strips melted together, which complicates the process of manufacture. 



Specific resistance at 0^ 
24^ 



= 32,000 X 10" ohms. 
= 7,500 X 10" „ 
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CONDUCTORS. 

UTatlire of conductors* — Copper is the metal mcNst employed 
in applications of electricity. Coils of electrical instruments of all kinds 
and of all jwwer are almost exclusirely composed of it. Also the cores of 
subterranean and submarine cables. Electric light leads and branch 
leads in houses, etc., etc. 

Iron is generally used for overhead telegraph lines. Steely pho8p?ior- 
bronze, and silicium'^ronze for overhead telephone lines. Besides these 
generally used metals and alloys, the following metals are sometimes used 
because of their special qualities satisfying some particular want. 

Silver, — For delicate instruments of high conductivity. 

German silver,— For resistances, on account of its being little affected 
by temperature, and its high specific resistance. 

Flatinum silver alloy,— "Fox the same reason. 

Flatinum, — ^Because it does not oxydise, its great resistance, and its 
high melting point. 

Mercury,— ¥ox standards of resistance, because of its homogeneity after 
purification ; it is most used, however, for making connections by means 
of mercury cups. 

Aluminium, — ^For certain movable coils, has the advantage of being 
the best conductor of all metals for equal weight per unit of length. 

Bare conductors.— Bare copper wires are from four hundredths 
of a millimetre to five millimetres in diameter ; for larger sections, twisted 
cord of smaller wire is preferred. Sometimes copper is also used in the 
form of ribands, or prisms, of which the section is the segment of a drcle. 

Covered wire* — ^Bare wires are but little used in instruments. 
They are generally covered with an insulator. This insulator is generally 
a layer of cotton or of silk, single or double, soaked after the coils are 
wound, in paraffin, cement, or a special insulating varnish. {See Fifth Fart. ) 
In machines, wires are covered with bitumen or gum lac. When used as 
transmitting conductors in telegraphy, telephony, light, transmission of 
energy, etc., they are covered during the manufacture with more or less 
complicated insiUators, and are then called cables. 

The cables are sheathed or not, according as they are covered or not 
with a sheathing of iron or steel wire intended to protect them and give 
them the necessary strength to resist the traction efforts to which they 
are submitted, particularly in submarine cables. 
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DIAMETEB OF CONDUCTING WIBES. 

Oail§pes« — The wires employed in electricity are often known by 
tbe number of some particular gauge. In France up to the present 
time the decimal gauge has been used for wires of large diameter, and 
ilL^jauge eareatse for fine wires, and the Limoge gauge for iron wire. 

In England the Birmingham wire gauge is most commonly repre- 
sented by the letters B.W.G. 

In America there is the Ajnerican gauge; in India, the Indian 
gauge, etc. 

The numbering of wires ought completely to disappear and be 
replaced by a more rational and accurate system, the diameter expressed 
in millimetres or lOOths of a millimetre. Numbering only creates con- 
fusion and embarrassment, for all authors are not agreed on the diameter 
of a given number. This confusion is very great in England, where ther3 
are no less than 14 different Birmingham gauges. We will give here for 
reference the most probable diameter of the wires of the jauffe carcase 
and the Birmingham gauge in millimetres. 

To avoid confusion, when we write the number of a wire we will 
always follow this number by the real diameter expressed in millimetres. 
A new gauge has been introduced in England, but it is not found to 
answer, and is never used in specifications. 





BIRMINGHAM GAUGE. -B. W. O. (Hotzapffel). 




B.W.G. 

KUMBBR. 


DiAMSTBB 

IN MlLLI- 

MiTRBS. 


B. W. G. 

NUMBBB. 


IN MiLLI- 
MiTBBS. 


B. W. G. 

NnXBBB. 


DiAMBTBB 

IN Milli- 
metres. 


0000 


11-531 


11 


3043 


25 


•508 


OOO 


10795 


12 


2-769 


26 


•457 


00 


9-652 


13 


2-413 


27 


•406 





8*636 


14 


2-108 


28 


•856 




7-62 


15 


1-829 


29 


•380 




7-213 


16 


1-651 


30 


•305 




6-579 


17 


1-473 


31 


•254 




6015 


18 


1-245 


j 32 


•229 




5-588 


19 


1037 


33 


-203 


6 


5154 


20 


•889 


! 34 


•178 


7 


4-572 


21 


'-813 


35 


-127 


8 


4191 


22 


-711 


36 


•102 


9 


3-759 


2 


•635 






10 


3-404 


24 


-559 







DIAMETER, ETC., OP CONDUCTORS. 
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JAIJGE CARCASSE. 

APPSOXIKATX DiAMITISS in HuirDBai>TH8 OF A MiLLIMiTRC. 



NUMBBB. 


DiAMXTBB. 


Number. 


DlAKBTER. 


Nukbbb. 


Diaxbtbb. 


P 


50 


24 


29 


38 


11 


12 


47 


26 


26 


40 


10 


14 


44 


8 


22 


42 


9 


16 





30 


20 


44 


8 


18 


37 


32 


17 


46 


7 


20 


84 


34 


14 


48 


6 


22 


32 


36 


12 


50 


5 



Copper.— Specific gravity, 8*878. 
Breaking strain, 26*7 kg. per square millimetre. 
Weight per kilometre, 6*973 d^ kHogrammes (d diameter in milli- 
metres). 

Diameter of a wire weighing n kilog. per kilometre = \/» X '1434. 

21*84 
The resistance per kilometre of pure copper wire =1 -^. 

A pure copper wire weighing one kilogramme per kilometre has a 
resistance of 

143*86 ohms at 0» C. ; 162*5 at 15*6° 0. 

Pure copper wire weighing n grammes /metres long has a resistance of 
*144XP 



-ohmsatO'C. 



n 

^^— ohms at 16 *o' C. 

n 

The resistance increases '388 per cent, per deg^ree centigrade, or 
*215 per cent, par degree Fahrenheit. 

A pure copper wire weighing one kilogramme per nautical mile or 
knot (1862 metres) at 24° C. has a resistance of 640*8 ohms. 

A pure copper wire weighing one kilogramme per nautical mile at 
24<> G. has a resistance of 291*64 ohms per kilometre. 

Besistance of a commercial copper wire of conductivity c, that of pure 
copper being taken as equal to 1, is given by the formula, 

Be = Bp X "^ . 

Be being the resistance of the commercial wire, and Bj, that of a pure 
copper wire of the same dimensions at QP 0. 
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RESISTANCE OF WIRES OF PURE ANNEALED COPPER AT O"" C. 
(Dbhsitt = 8*9.) 





^1 


s 


il- 


BeSISTAWCB op WlRlB 


or Pure 




Ill 


Annealed Copper at 0°C. 


Ohks 

PER 
KlLOMJkTRB. 


METRES 
PER 

Ohm. 


Ohms per 

KiLOeRAMME. 





5 


175 


5-7 


•8 


1230-5 


•00466 


20 


4-4 


135-28 


7-4 


1-03 


944-38 


•00784 


19 


3-9 


106-35 


9-5 


1-35 


722 


•0128 


13 


3-4 


80-8 


12-5 


1-EO 


563-92 


-0222 


17 


3 


62-93 


16 


2-3 


439-07 


•0365 


16 


2-7 


51 


19-8 


2-8 


355-65 


-0557 


15 


2-4 


40-23 


25 


3-6 


281 


•088 


14 


2-2 


33-82 


29 


4-2 


236-08 


•123 


13 


2 


27-95 


36 


5-1 


19515 


•185 


12 


1-8 


22-7 


44 


6-3 


158-08 


•278 


11 


1-6 


17-89 


56 


8 


124-9 


•448 


10 


1-5 


15-75 


63 


9-1 


109-75 


•574 


9 


1-4 


13-7 


73 


10-5 


95-651 


•763 


8 


1-3 


11-84 


85 


12 


82-42 


1-03 


7 


1-2 


10-06 


100 


14 


70-247 


1*42 


6 


11 


8-47 


119 


17 


59-024 


2-03 


6 


1 


6-99 


144 


20 


48-782 


2-95 


4 


•9 


5*66 


178 


25 


39-515 


419 


3 


•8 


4-47 


225 


32 


31-225 


7-21 


2 


7 


2-83 


294 


42 


23-9 


12-3 


1 


•6 


2-52 


400 


57 


17-56 


2278 


P 


•5 


1-74 


676 


81 


12-305 


46-81 


— 


•4 


1*175 


902 


122-4 


8^173 


110-41 


~ 


•34 


•808 


1251 


1779 


6-622 


222-55 


~ 


•3 


•7181 


1607 


228-5 


4-377 


367-2 


— 


•24 


•4026 


2508 


357 


2-801 


895-36 


— 


•2 


•2797 


3614 


514 


1-945 


1,867-6 


— 


•16 


•179 


5590 


803-1 


1-245 


4,489 


— 


•12 


•1007 


9929 


1428 


•7 


14,179 


— 


•1 


•0699 


14369 


2056 


•486 


29,54d 


— 


•06 


•0447 


24570 


3213 


•311 


78,943 


— 


•03 


•0252 


39824 


5713 


•173 


227,515 


1 


•04 


•0112 


88878 


12848 


•078 


1,142,405 



COPPER AND GALVANISED WIRE. 
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Copper urire one millimetre in diameter. 

Section ' . . -7854 sq. mm. 

Weight of one mHre 6-99 grammes. 

Resistance of annealed copper wire : 

AtO'(pure) 

Hard drawn, at 0^ (pnre) 

Annealed at 15° (pnre) . 

Hard drawn at 15° (pnre) 
Annealed at 15° (oondactivitj = '9) . 
Hard drawn at 15° (condnctiyitj = *9) 
Number of metres per kilogramme . 
Redstanoe per kQogramme of pnre copper 
wireatO* 



•02057 ohm. 

*0210i 

•021767 



•024185 
•024707 

144 metres. 



2-95 



ohms. 



Weight per kilomHre 6*973 kilogrammes. 



Approximate weight of the 
wires per kilogramme (Cuiiey). 



silk covering of 



Diameter 


Number of mitres 


Weight of silk 


of bare wire. 


per kilogramme. 


in grammes. 


1*6 


67) 

140 n * 
328) ; • 
1140 n • 

3000) 5 • 

4500f ) • 
88(K) j * 


34 


1 
•66 
•35 


. . 51 

. . 63 

102 


•22 


. . 136 


•18 
•18 


. . 187 



Iron.— Specific gravity, 7*79. 

Breaking strain, 40 kilogrammes per square millimetre (annealed). 

Breaking strain, 60 kilogrammes per square millimetre (not annealed). 

Mean weight of wire 4 millimetres diameter, 100 kilog. per kilometre. 

Electric resistance at 0^ : 9 ohms per kilomdtre. 

Wire of diameter rf, E = -jj- ohms per kilometre. 

Increase of resistance with temperature, 0*0063 per degree centigrade. 

Beeistance of steel wires, 1*28 that of galvamsed iron. 



Oalvanised 'WiTe^—{8peeifieatum of the French teUgrapha), 
Charcoal iron annealed wire, 5 millimetres in diameter, ought to carry 
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a weight of 650 kilogs. ; 4 millimetres, 440 ; 3-millim^tre wire, 350. 
Permanent elongation under this strain ought not to exceed 6 per cent, 
of the length. 

The wire must be rolled on a cylinder and submitted to a tension of 500 
kilogs. for 5 millimetres ; for the 4-millimetre wire, 200 ; for the 3-milli- 
metre wire, 200 ; without breaking or exceeding the limit of elongation. 
It must be bent at right angles first in one direction and then in the 
other, three times for the wire of 5 millimetres, and four times for the 
wire of 4 millimetres, and five times for the 3-millimetre wire. 

To test the galvanisation, the wire must bear, without the iron be- 
coming exposed even partially, four successive immersions of one minute 
each in a solution of sulphate of copper in five times its weight of water. 

The wire must bear being rolled round a cylinder one centimetre in 
diameter, without the layer of zinc cracking or scaling off. The wire 
must not be spotted with rust. 

The tests are made on five coils out of 100, and the whole delivery is 
rejected if one-tenth of the wire does not satisfy this test. 

The 5-millimetre wire is delivered in pieces of 25 kilogs. (or 160 metres), 
the 4-millimetre wire in pieces of 25 kilogs. (250 metres) ; 3-millimetre 
in pieces of 15 kilogs. (270 metres). 

The weight of zinc in well galvanised iron is 170 gr. per square metre, 
or 2 kilogs. per metre of 4-millimetre wire. 

PbOSpbor bronze {Lazare # jreiUer).^Aji alloy of copper 
and tin, in which phosphorus only plays a transitory part during the 
manufacture. Used for telegraphic and telephonic lines. Wire is used 
from '8 to I'l millimetre in diameter, of which the weight per kilometre 
varies from 4*5 to 7 kilogs. The spans may be from 400 to 500 metres. 

Siliclnili bronze {Lazare ^ Weiller).—kjisXogox}& to phosphor 
bronze, sihcon replacing the phosphorus, it is a better conductor and 
more tenacious. 

According to the purpose for which it is intended, silidum bronze can 
be prepared either of high conductivity or of great mechanical strength. 
Two examples may be given. 

Telegraph wire.— 2 mm. in diameter, breaking strain of 45 kg. per 
square mm., and conductivity 95 per cent. Weight, 28 kg. per kilometre, 
and 6*43 ohms per kilometre resistance at (f C. 

Teleph<me wire.^Vl mm. in diameter, breaking strain 75 kg. per 
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square mm., and conductivity 34 per cent. One kilometre weighs 8*5 kg. 
and has a resLstance of 57 ohms at 0° C. {H. Vivarez), 

PROPERTIES OF PHOSPHOR AND SILICIUH BRONZE. 



PROPERTIES. 


BRONZE. 


Phosphor. 


SlLICIUM. 


Breaking strain in kilogrammes per square 

millimetre 

Breaking strain of a wire one milamfetre 

in diameter 

Resistance in ohms per kilometre (wire 

1 mm. in diameter) 

Conductiyitj (pnre copper = 100) 
Weight of one kilometre in kilogrammes 

(wire 1 mm. in diameter) .... 


SO 

70-2 

60 
SO 

663 


70 

55-6 

Si 
61 

6-68 


The condnctivitj of silicinm bronse may be increased by diminishing 
its breaking strain. Thus, a wire, the breaking strain of which is 53 kg 
per square mm., has a conductivity of 88 per cent. 



Conductors for commercial purposes.— They ought 
to be of as high conductivity as possible, and to have the greatest facility 
for cooling. The best insulator would be air, then vulcanised rubber, 
which is fairly diathermanous, and may be raised to 100° without accident. 
Guttapercha is inferior to rubber, and gets soft when it is hot, and allows 
the conductors to come into contact. The lead-covered cables remain dry, 
. and are less exposed to accidents, but they do not coil easily ; the insu- 
lating layers ought to be as thin as possible in order to facilitate coiling. 
A fault in the insulation of wire under water would produce flickering of 
the light) because of the disengagement of gas due to the decomposition 
of the water. It is as well to test the conductivity of conductors and 
their insulation daily. 



Conductors for electric liirhting and transmis- 
sion of ener§y.— The India Rubber and Gutta Fercha Telegraph 
Works Companp manufacture a series of special conductors insulated 
with indiarubber. The following are a few of their patterns : 

H 
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r 



•9 
1*2 
1-6 
1*8 



l2 = 5 



8*93 

2-07 

1*21 

•95 






12 
14 
19 
19 



1'6 
1'6 
1*6 
1'8 






•72 
•6 
•43 
•35 



These conductors are manufactured with three different classes of 
insulation, each one being defined by the insulation in megohms per 1,000 
yards (910 metres) at temperature 15° C. 



NAME OF INSULATION. 


Without Lead.! Lbaukd. 

1 


Class A.— Light insniation for conductors 
exposed to the air . 

in dry places .... 

Class C— High insulation for damp places, 

tunnels, etc 


megohms. 
•5 
10 
100 


megohms. 

3 

15 

150 



Mecbanical tests for Insulators {R. Sabine),— Jl con- 
ductor covered with its insulation ought to bear several successive bendings 
without cracking. The elasticity ought to be that of a spring or a cane, 
not that of varnish or of paste. A length of 2 or 3 feet is detached by 
splitting the insulation lengthways with a penknife, and removing the 
conductor. The insulator supported at one end ought to bear a certain 
definite weight at the other. Indiarubber breaks with a weight equal to 
300 times its own weight. Guttapercha carries much more. The insu- 
lator detached from the conductor and placed on an anvil ought not to 
break when it is struck with a hammer. Good indiarubber recovers its 
shape immediately ; guttapercha takes a longer time. When old both 
split and crumble under the hammer. Insulators which crack off or split 
under a blow ought to be rejected, as an accident might produce the same 
injurious effects, and spoil the insulation of the conductor. 
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SpeelllC Inductive capacities (Fleming Jenkin) : 



Air . . 
Besin. 

Pitch. . 
ToUow wax 

Glass . . 
Sulphur 

Gum lac . 



1 


Paraflin .... 


. 1-98 


177 


Pureindiarnbber 


2-8 


1-8 


Hooper's compound 


81 


1-86 


W. Smith's guttapercha . 


34 


1-9 


Guttapercha 


. 4-2 


1-93 


Mica 


. 5 


1-95 







Capacity of condensers ot ordinarjr forms in 
electrostatic units. 

In these f ormtil» r represents the radius, k the dielectric capacity of 
the insulator, and C the capacity of the condenser. 

= r. 

-1. rv 



Two Ck>xoEin!Bio Sfhbbes OF BADn r and r* : Cz=A; 



f — r 

P ^ 
Ctlindeb of length/: ^n, / * 

Z iOge 

r 
(logs =z Naperian log). 

Two CoNCENTEio Ctlindees of length I : r* radius of external 
cylinder ; r radius of internal cylinder. 

C = Ar ^—-r- 

2 loge — 

GiBCUiiAB DISC of radius r and negligable thickness : 

= —. 

Two PABAiiLBL oiBOULAB DISCS of radius r and area S, thickness 
of dielectric h\ 

r3 S 

(This last formula is applicable to two parallel discs of any shape when 
their dimensions are large as compared with their distance from each 
other &.) 

The power of magnets is estimated by the weight they will 
carry. The most powerful magnet known is the laminated magnet 
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belongmg to M. Jamin, which weighs 60 kilogrammes and carries 500 ; 
another of the same form, weighing 6 kilogrammes, carries 80, or 13*5 
times its own weight. Some small magnets carry as much as 25 times 
their own weight. A horse-shoe magnet cajries three or four times the 
weight which a straight bar of the same mass can carry. 

BemouilWs rule.— 11 w be the weight of a magnet, p the weight 
which it can carry, then 

pzzia 



'V'- 



a is a constant depending on the quality of the steel and the method of 
magnetisation. For the best qualities of Wetteren of Haarlem a Taries 
between 19*5 and 23. The steels of Allevard have also a very high 
constant. 

Mr. Le Neve Foster has found that all steels of very high constant 
contain tungsten, and that the constant increases with the quantity of 
tungsten present. 

Coefficient of induced magnetism.— The magnetic 
moment of a long bar pla,ced in a imif orm magnetic field is, for a wsak 
Jieldy proportional to its length /, its sectional area «, the intensity of the 
field H, and a numerical constant k^ which is called the coefficient of 
induced magnetism, k is negative for diamagnetic bodies. The follow- 
ing are the mean values given by Barlow and Plucker for some 
substances. 



Haokstic Substances. 





lb 




fe 


Soft iron (wrought) . 


. 82-8 


Water 


. - 10-65 X 10 


Castiron . . . . 


23 


Sulphuric acid 


(1. = 


Soft steel . . . . 


216 


1-839) . 


. - 6-8 X 10 


Hardsteei. 


17-4 


Mercury . 


. - 33-6 X 10 


Nickel .... 


. 15-3 


Phosphorus 


. - 18-3 X 10 


Cobalt .... 


. 32-8 


Bismuth 


. - 26-0 X 10 



DiAMAQNETIC SUBSTAKCES. 



These coefficients are only approximate, and change for every sub- 
stance with the absolute value of H. For example, according to Weber, 
in a very weak magnetic field the value of Ar is five times greater for 
nickel than for iron. 

Snpersaturation of magnets.— A magnetised bar often 
takes up a magnetic supersaturation, which it gradually loses at a pro- 
gressively decreasing rate until its magnetisation is reduced to its 
permanent value. In all experiments depending on the constancy of 
magnets they ought to be magnetised at least six months beforehand. 
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Prof essor Hughes finds that by smartly hammering the magnetised 
bar it can be brought to its lowest limit of magnetisation. He suggests 
the use of this method whenever a trustworthy permanent magnet of 
small power is required ; and, also, as a test of the durability of perma- 
nent ma,gnets for compasses and other purposes, those that fall below a 
certain intensity being rejected, and those that are retained being re- 
magnetised. 

Inllaeiice of temperature on magnetism*^ 

Magnetisation diminishes with increase of temperature, and oonyersely. 
The diminution becomes permanent if the temperature rises too high. 
A magnet heated to cherry-red loses its magnetism, and at this tempera- 
ture soft iron ceases to be attracted by a magnet. For nickel the 
temperature at which this effect takes place, called the magnetic limit, 
is about 350°. 

Temper. Compressed steelr— The coercitive force of 
steel is greater the more it is temi>ered. M, Clemandot (1882) gives 
coercitive force to untempered steel by compressing it in a hydraulic 
press. This mechanical temper allows of the steel being worked by the 
file, chisel, or in the lathe, either before or after magnetisation, which is 
a valuable property in the construction of a great number of instruments. 

Experimental determination of tlie moment 
of inertia of a mai^netised bar ((?at<M).— The bar or 
needle is made to oscillate : let ^ be the time of one oscillation ; two equal 
weights q are suspended at equal distances from the centre; let the 
first distance be ai, the second distance oj ; let ti and ^ be the respective 
times of one oscillation, then 

I = 7^X2^A 

To bring: an oscillating magrnet to rest.— 

By means of a small magnet so held as to repel the nearest end of the 
oscillating magnet. At the moment when the oscillating magnet is 
passing zero as it swings towards the observer the small magnet is 
sharply brought near it. The oscillating magnet stops, and at the 
moment when it begins to swing in the opposite direction the magnet in 
the hand is withdrawn. A magnetised steel lever or tumscrew does very 
well, 

METHODS OP ICAONETISATION. 

Sin§;le toncb* — Stroke the btu: to be magnetised from end to end 
with one pole of a natural or artificial magnet, repeating the strokes in 
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the same direction. The pole at the end of the bar at which the strokes 
begin is of the same name as the pole used to stroke it with. 

Separate toncll* — Two magnetised bars of the same name 
are placed at the middle of the bar to be magnetised with poles of con- 
trary name downwards, these bars should be inclined at about 30°; they 
are separated, stroking the magnet in opposite directions, replaced in the 
middle and again separated, and so on. This method is quicker than the 
preceding. 

]>01lllle toncll* — Two magnets fixed in an inclined position in a 
wooden frame are passed from end to end of the bar to be magnetised, 
always in the same direction. A more regular magnetisation is thus 
obtained. The effects produced by the two last methods are better and 
quicker if the bar to be magnetised is laid on two magnets with their 
opposite poles facing each other, these poles to be of the same name as the 
pole of the magnetising magnet on the same side {Coulomb). 

These methods are now replaced by others depending on the action of 
currents, the simplest being to rub the bar to be magnetised over the 
poles of a powerful electro-magnet. 

Elias* metllOd* — A coil through which a current is passing is 
passed backwards and forwards over the bar to be magnetised. For a 
horse-shoe magnet two coils are used, which are moved together up and 
down the two branches. With strong currents a bar may be magnetised 
to saturation by one pass. The rapidity of the passes has no influence on 
the magnetisation; their number has greater influence as the current is 
weaker. 

To magnetise a needle»^Place the needle on a horse-shoe 
magnet, putting the end which is to be a north pole on the south pole of 
the magnet, and vice versa ; rub the needle against the magnet two or 
three tunes in the direction of its length. 

Armatures of mai^netised bars.— To preserve the 
magnetism of the bars they should be provided at their ends with soft 
iron armatures, or they may be placed with their opposite poles in 
contact. The opposite poles tend to preserve their reciprocal magnetism, 
poles of the same name to destroy it. The armatures ought always to be 
slid off, and not pulled off. The earth's magnetism tends to preserve the 
magnetism of a freely suspended needle. 
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TBSBE8TRIAL ICAONBTISIC. 

Elements of tbe earth's mairiietisin, Jan. Ut, 1879. 

DeoUnation at Paris (west) 16° 56 

Mean annual diminution 0^ 9^ 

Mean inclination at Paris 65° 32^ 6'' 

Horizontal component of the earth's magnetism at 

Paris (in dytiM) -19324 

Total force (in dyne*) -46485 

Elements of the earth's mai^netism at the observa- 
tory at the PSre Saint-Maur, Jan. dOthy 1883 (Maacart), 

Inclination 65° 17' 

I>eoUnation (west) 16° 33' 

Horizontal component {in dynes) .... '1932 

Total intensity {in <lyn«s) '46485 



EliECTRO-MAOIinBTS. 

Iia\¥S of electro-mai^netS.— When a magnet is far from 
the point of magnetic taturaiiony the following laws are applicable. The 
magnetic strength is proportional to the strength of the magnetising cur- 
rent and the number of turns of wire in the coil. It is independent of 
the size and nature of the conductor and the diameter of the coil. 

When account is taken of magnetic saturation, Muller gives the fol- 
lowing rule. The magnetic strength m of an electro-magnet is pro- 
portional to the arc of which the tangent is the strength C of the 
magnetising current. 

m = Atan-iC. 

Maximum attraction (Joule). — ^The maTimum attraction is 
200 pounds per square inch, or 14,515 grammes per square centimetre, 
which corresponds to an intensily of magnetisation y = 1500 : 

/= 2x872. 

/ being the maximum attraction, and S the area of the attracting surface. 
The formula shows that the attraction of an electro-magnet depends 
only on the diameter of its core, the length is only of use in separating 
the poles, and thus preventing them from interfering with each other. 
Joule has constructed small electro-magnets which carry as much as 
3,500 times their own weight 
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Action of a bar of iron in a solenoid.— A bar of iron 
introduced into a solenoid makes the internal magnetic field about 33 
times more intense by concentrating the lines of force near the poles, and 
allows the current to produce powerful effects in a limited space. Looked 
at in this way the action is analogous to that of a lens whidi concentrates 
a ray of light on to the point where the Tna-riTmnn luminous action is 
required {Fleeming Jenkin). 

Formulee for electro-mai^nets before mai^etie 
saturation*— For relatively feeble currents and soft iron cores of 
which the length is much greater than the diameter, such as the electro- 
magnets of telegraphic instruments, 

M = knOsJTi 
M magnetic intensity, 
w nimiber of turns of wire. 
C strength of the current. 
d diameter of the core. 
k a constant. 

We may here remark that the maximum value for M occurs when n 
has a certain value such that the resistance of the coil of the electro- 
magnet is equal to the resistance of the rest of the circuit. This is in ac- 
cordance with the doctrine of the conservation of energy, as it shows, in 
other words, that the power of the electro-magnet is a maximum when 
the electric energy expended in its coils is a maximum. This condition 
enables us to calculate for each particular case the value of O and the 
resistance B of the wire to be coiled on the electro-magnet. 

From this consideration alone we should be led to indefinitely increase 
the dimensions of the core and of the wire, since for any given e. m. f . 
M increases with d and n if B be kept constant, so that C may remain the 
same. In practice, the indeterminate nature of the problem as thus ex- 
pressed, is overcome by introducing another factor, for example, the 
weight of copper wire to be coiled on the magnet, or, more simply, the 
space to be occupied by the wire on the reel. Let V be this space, de- 
termined by a cylindrical annular space of known dimensions. 

Let 8 be the sectional area of the wire, / its length, a its specific 
resistance. 

The condition that the resistance of the coils must be equal to B, 
gives 

•K r= -— -) 
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and the space occupied by the wire (V being affected by a practical co- 
efficient, taking into account the thickness of the covering of the wire 
and the space between the turns) gives 

From these two equations may be deducted 

V . 

Knowing the sectional area s of the wire, its diameter d is obtained by 
the formula 



.= ^_-- 



Practically these formulae enable the length and diameter of the wire 
required to fill the reel of an electro- magnet, of which the dimensions are 
known, so that the coil may have a given resistance, to be calculated. 
This is the most general case. 

We know of no simple practical formulae which enable the dimensions 
of the different parts of an electro-magnet to be calculated so that it may 
carry a given weight, or produce a magnetic field of given intensity. 

ELECTRO-MAGNETS OF TELEGRAPH INSTRUMENTS. 

The problem in this case is simplified, because the dimensions of the 
reel are given, and are determined by considerations which are indepen- 
dent of the absolute strength of the magnetic field to be produced. The 
indeterminate nature of the general problem thus disappears. 

Let 

A be the area of the section of the wire space on the reel on one side 
only of the axis made by a plane passing through the axis, and at right 
angles to the turns of wire. 

/ the mean length of a turn of wire in millimetres. 

p radius of the wire in millimetres. 

c thickness of the covering of the wire in millimetres. 

c conductivity of the wire (pure copper = 1). 

r resistance of the coil in ohms. 

t total number of turns. 

a a coefficient depending on the mode of winding. 
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If the layers are exactly superposed, A is supposed to be divided into 
squares, and a == 4 ; if the turns of one layer lie in the interstices of the 
one underneath, A is divided into hexagons, anda=:2V3 = 3*46. If 
the layers are separated by some insulating material (paraffined paper or 
thin guttapercha cloth), c is increased by one quarter of the thickness of 
this material. 

Then 

A 

tl M 






'KCf^ Kdc^ (p + e)2 



To express r in ohms a coefficient must be introduced, and the 
formula becomes 

_ It 1 

^~"l94456p2 ^ c ' 

To find the resistance of a coil of wire of given thickness wound on a 
reel A. — Say the coil of the electro-magnet of a Morse receiver: the reel 
being 60 millimetres long, wire space 10 mm. deep, and the core 10 mm. 
in diameter, wound with wire No. 32 of the Jattge carcasse ; tor which 

2p = -16 2 (p + €) = -20. 

. *. thickness of the silk « =r '02 mm. 
Suppose it to be so wound that a = 4, 

A = 60 X 10 = 600; / = 20ir. 

Then for the number of turns t, 

A 600 



«0> + «)^~'4X-01 
and for the resistance r, 



= 15,000. 



It ^ I 600X16000 ^ 1 _Q^ I . 

X - = i n.^g^v> noo X - =759 X - ohms. 



■" 194456p2 "^ e ^ 194456 X 0*82 '" <j c 

If c = 1 r = 769 ohms, 

iie^z'9, about the usual practical value for commercial wire, 

r=-|.^ = 843oA«w. 
'9 
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When the dimensioiis of the reel, the number of turns of wire t, the 
resistance r of the coil, and the diameter 2p of the bare wire are known, 
the conductivity e of the wire, and the thickness € of the covering can be 
calculated. 

To calculate the diameter 2pof a wire of conductivity e, with a cover- 
ing of thickness c, the resistance of the coil being r ohms. 

Let 

^ Al 



^=</. 



The value of ^ is calculated, then, 



But c being very small -j- may be neglected ; then, 
pz=b— - or 2p z= 2b — €. 

Thickness of wire with which a galvanometer or eleetro-magnet coil 
must be wound so as to obtain the maximum magnetic eject with a given 
external resistance. 

It can be shown by calculation that if 2p be the diameter of the bare 
wire, 2 (^ 4" «) *^e diameter of the wire with its covering, r the resistance 
of the coil, and B the external resistance, that the best effect is produced 
when 

2p:(p + €)::r:B, 

r p 

or ^^ = — V— • 
B p + € 

Construction of the reels of electro-magfuets. 

— It is better to make them of box or ebonite than of copper or brass, but 
if of metal they should be split ; it is also as well to cut a groove about 
2 mm. wide and 2 mm. deep, in the core, to hasten demagnetisation. 
During the winding, the turns of wire must be well insulated from each 
other, and metallic filings, which would penetrate the coating, must be 
carefully excluded. If a disc be fixed in the middle of a reel and the two 
halves of the wire be wound one on each side of it, starting from the disc, 
the two ends of the wire will both come out at the surface of the coil, 
and thus the inconvenience is avoided which is so often felt when the 
end of the wire leading from the innermost layer of the coil breaks off 
iCulleg). 
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PRODUCTION AND APPLICATIONS OP 
ELECTRICITY. 

The apparatus used for the prodtiction of electrical energy may be 
divided into three classes : 

1st. batteries which convert chemical energy into electrical energy ; 

2nd. Thermopilesy which convert heat energy into electrical energy ; 

3rd. Dynamo and magneto machines, which convert mechanical energy 
into electrical energy. 

The applications of this energy may always be reduced to the pro- 
duction of chemical, heating, or mechanical effects. 

The production of electrical energy is, strictly speaking, only the 
conversion of one form of energy into another form of energy, one mode 
of motion into another mode of motion. This reciprocity of cause and 
effect may be expressed by saying that producers or generators of elec- 
tricity are reversible and inter chanff cable y that is to say, that any one of 
them can be the seat of analogous but reciprocal actions to l^ose for 
which it is originally constructed, and that they may be substituted one 
for the other for the production of the same effects. Thus, a magneto- 
electric machine when it is put in motion produces a current at the expense 
of mechanical work, or sets itself in motion and produces mechanical 
work if a current be supplied to it from some other source of electrical 
energy. This is expressed by saying that a magneto-electric machine is 
reversible. 

The magneto machine may also be set in motion by the current 
furnished by a battery or thermopile, the three sources of electricity may 
be substituted one for the other ; that is to say, they axe interchangeable. 
The applications of electricity may be divided into three large groups 
characterised by the nature of the actions produced. 

C1l0Illical actions* — All forms of apparatus which produce 
electrical energy at the expense of chemical action are called batteries. 
Accumulators are reversible batteries. 

The chemical actions produced by currents are embraced under the 
general title of electrolysis. The applications of electrolysis are electro- 
metallurgy, including electrotyping, electro-gilding, dlvering, nickel 
plating, etc., and a form of colouring in metal, a new process which has 
been used at Nuremberg for the decoration of metallic toys. Electrolysis 
has also been applied to the purification of alcohol, and the more rapid 
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amalgaination of gold in the quartz- crushing method of obtaining that 
metaL 

Heatings eflTectS. — Apparatus which conyert heat into electrical 
energy are called thermopiles. 

The heating effects of currents have receiyed the following applica- 
tions. Melting of metals (but little used as yet), firing of fuses (for 
mines, torpedoes, blasting, etc.), safety catches for electric light, and 
electric power leads, and arc and incandescent electric lights. 

Mecbanical actions*— Two different types of machines exist ; 
the first, called static machines, produce electrical energy in the form of 
charges^ either by friction, or by infiuence, or electrostatic induction. 
They haye no practical application as yet, though the Yoss induction 
machine is reyersible; that is to say, that if the two conductors of such a 
machine be kept charged by means of another it will rotate (Silvanus 
Thompson), 

The second type is based on the magnetic action of currents, and 
electro-magnetic induction. Magneto and dynamo-electric madiines 
convert mechanical into electrical energy, whilst electrical energy produces 
mechanical energy, work, or motion in bells, railway signals, clocks, 
telegraph instruments, telephones, the regulating mechanism of arc 
lamps, and the motors which are used in the transmission of power to a 
distance, etc. 

Other effects of currents.— The mutual actions of light and 
electricity form the as yet almost purely scientific branch, electro-optics, 
but which, however, in the case of the change of resistance of certain 
bodies under the influence of light, has given rise to Various beginnings 
of practical applications, such as Graham Bell's pKotophone, the radio- 
phone, the teleradiophone, and the teleradiophone multiple auto-reversible 
of M. Mercadier, etc. 

The physiological action of currents has lately been much studied, and 
its effects are of daily use in the physiological laboratory. Some of the 
physiological effects are now recognised as infallible means of diagnosis 
in certain diseases, and others have been used with tnuch success, though 
without any very great certainty, as means of cure. In the case of lead 
palsy, or painter's dropi)ed wrist, the action of interrupted currents enables 
cures to be effected in cases which would formerly have been hopeless. 

These two branches of the subject are foreign to the nature of this 
work, and must be studied in special treatises. 

In the following pages the 6tder 6f the subdivi^ons just laid down 
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will be followed as strictly as possible, the reversible and interchangeable 
nature of the phenomena, however, make some small departures from 
this order inevitable. 

BATTERIES. 

These wiU be divided into three distinct groups : 
One-fluid batteries with no depolariser. 
One-fluid batteries with solid or liquid depolariser. 
Two-fluid batteries. 

ONE-PLUID BATTEBIES WITH NO DEPOLABISEB. 

Tolta'S battery (1800).— Plate of zinc, plate of copper, sulphuric 
acid diluted with sixteen times its volume of water. The current is pro- 
duced by the oxydation of the zinc and its conversion into zinc sulphate. 
It polarises rapi^y when the circuit is closed ; the hydrogen sticks to the 
copper plate, the sulphate of zinc is decomposed and produces a deposit 
of zinc on the copper. The first form was the Volta's pile, so called 
because it consisted of a pile of plates arranged thus : copper, flannel, zinc, 
copper, flannel, zinc, and so on. Modified by Cruikshank (1801) under 
the form of the trough battery, then the separate trough battery of Volta, 
who had already employed the same principle in his " crown of cups ; *' 
the windlass battery, due to Crahay (1841). The spiral battery was in- 
vented in 1821 by OffershauSy with the view of diminishing the internal 
resistance of the elements ; WoUaston (1815) increased the surface of the 
copper, leaving the zinc unchanged. Munch (1841) constructed a trough 
battery with no partitions between the elements, but short circuits occur 
between the elements ; Faraday (1835) prevented this by separating the 
elements by sheets of well-vamisted paper. Pulvermaeher (1857) con- 
structed galvanic chains formed of zinc and copper wires coUed on 
cylinders of porous wood, which absorb the exciting fluid (vinegar and 
water) when the chain is dipped into it. 

Amalgamation of the zincs prevents the formation of local couples due 
to impurities in the zinc. This fact was discovered by Kemp (1828), and 
applied to batteries by Sturgeon (1830). 

Modijications of the exciting fluid, — ^In order to prevent polarisation, 
many exciting fluids have been proposed; sulphate of copper, chromic 
acid, oxygenated water, sal-ammoniac, etc. 

Modifications of the copper plate in order to <1imiTiiR>i the polarisation, 
PoggendorffilU^), 

lst« Heated the copper in air until the colours which appear at first 
had passed away. 
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2nd. Dipped the copper in nitric acid and then washed it with water. 

3rd. Covered the plate with a powdery deposit of copper by electrolysis. 

Page (1862) pierced the plate full of holes and covered it with an 
electro-deposit of rough copper. 

Walker (1852) electro-deposited copper on the plate, allowing the so- 
lution to become almost exhausted, or formed the plate of copper wire 
gauze. 

Carbon battery plates.— Retort carbon was used in one- 
fluid batteries by de Leuchtenberg (1845) and Stohrer (1849), a solution of 
alum being employed. Carbon agglomerates are becoming more used 
than retort carbon, which, though cheap in itself, is expensive to work. 

Smee (1840). — Copper plate replaced by platinised platinum, or 
better, platinised silver. The e. m. f . z= -47 volt, about. Used for 
electrotyping. 

IValker (1869). — Platinised carbon. Cheaper than Smee's, 
e. m. f. = '66 volt. 

Maicbe (1879). — ^Fragments of platinised carbon only partly im- 
mersed in the fluid. Scraps of zinc in a bath of mercury. Water acidu- 
lated with sulphuric acid saturated with common salt or sal-anmioniac. 
£ =: 1'26 volts with common salt. Quantity small, high internal resis- 
tance. 

Iron positive plates.— iS'^t^r^^on (1840) used cast iron with 
water acidulated with one-eighth its volume of sulphuric acid : Munnich 
(1849) used amalgamated iron; Callan (1856) a flattened cast-iron vessel 
and slightly diluted pure hydrochloric add. 



ONE-FLUID BATTESIES WITH SOLID DEPOLiJUSEB. 

Warren de la Rue (1868).— Unamalgamated zinc, sal-ammo- 
niac, silver surrounded by chloride of silver. E =: 1 '03 volts. The invention 
of this battery is also clidmed for Mari^-Davy. 

SiiLrivanoiir (1883).— A pocket battery formed of a plate of zinc 
and chloride of silver wrapped in parchment paper immersed in a 
solution of 76 parts caustic potash and 100 parts of water. An element 
weighing 100 grammes has an e. m. f. of 1*45 to 1*5 volts. It can give 
out 1 ampere for one hour. The potash solution must be renewed after 
this work, and the chloride of sUver must be replaced after the potash has 
been renewed two or three times. 
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CteiflHB. — Zinc (not amalgamated) ; silyer, surrounded by chloride of 
silyer; 5 per cent, solution of chloride of zinc. E = 1*02 volts. Used 
aa a standard cell with condensers and electrometers. 

Mari^-DaTy.— Amalgamated zinc, acidulated water, carbon, and 
paste of sulphate of mercury. E = 1*52 volts. 

liedancb^ (1868). — Amalgamated zinc, sal-ammoniac, carbon 
surrounded by fragments of carbon ('* carbon shingle"), mixed with 
black oxide of manganese (needle form). E = 1 *48 volts when the battery 
is not polarised. 

POROUS POT ELEMENTS. 



Diameter of porous pot in centi- 
metres 

Height 

Internal resistance in ohms (min.) 

Annual chemical work in grammes 
of copper 

Annual chemical work in cou- 
lombs 



Small. 



11 
9 to 10 



40 



€0,000 



Mbdium. 



15 
5to6 

60 to 70 

100,000 



Laeoe 

(Disc Elb- 

Msirr.) 



8 
15 

4 

100 to 125 
150,000 



AggloMnerate lieclancb^ batteries.— The depolariser 
is formed by one or more agglomerate plates, kept in position against the 
carbon by indiarubber bands. This form is handier, more economical, 
and of less internal resistance. E =: 1 '48 volts. 



No. 1, with one plate . 
No 2, with two plates . 
Disc element with three plates , 



r = 1*8 ohms. 
r = r4 „ 
r= -9 „ 



Agghmerate, — ^A paste of 40 parts black oxide of manganese, 52 of 
carbon, 5 of gum lac, and 3 of bisulphate of potassium, compressed by a 
pressure of 300 atmospheres at a temperature of 100^ C. 

lialande and Chaperon^s oxide of copper 
battery (1882). — Zinc ; 30 or 40 per cent, solution of caustic potash ; 
binoxide of copper in contact with a plate of iron or copper. E. m. f . *8 
to '9 volt, according to the external work. Practically inactive on open 
circuit. The current varies with the dimensions of the element. The 
small hermetically sealed form can give 40,000 coulombs at the rate of 
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*1 to '2 ampere. The spiral form 200,000 coulombs and *5 ampere. 
The small trough form 500,000 coulombs and 1*5 amperes. The large 
trough form 1,000,000 coulombs and 6 to 8 amperes. To prevent the 
caustic potash from absorbing carbonic acid, the trough elements have 
the fluid covered by a layer of heavy petroleum. 



ONE-FLUID BATTESIES WITH LIQUID DEPOLUOSEB. 

The tyi)e of these batteries is PoggendorJT 8 bichromate of potassium 
battery. The shape and dimensions of the battery and the composition 
of the fluid have been varied by different makers, in order to produce 
I)articular effects. 

Pog^grendorlTs fommla (1842).— 100 granmies of bichromate 
of potash dissolved in one litre of boiling water, with 50 granmies of 
sulphuric acid added. 

Delaurier'S formula.— Water, 200 granmies ; bichromate of 
potash, 18*4 grammes; sulphuric acid, 42 '8 grammes. This formula is 
that given by the chemical equivalents : 

K02Cr08 + 7S08 + 3Zn = SZnSOj + KOSOj + CraOaSSO^ 

The final products are solution of zinc sulphate and a chrome alum. 

ChUtanx'S formula (1868).— The fluid (which is kept circu- 
lating through the cells of Chutaux*s battery) is composed of 

Water I'^OO grammes. 

Bichromate of potash 100 „ 

Bisolphate of mercury 100 „ 

Sulphnrio aoid at 66° SO „ 

Dronier's salt* — A mixture of one-third bichromate of potash 
and two-thirds bisulphate of potash ; when dissolved in water, this mixture 
forms the exciting fluid. 

Special modifications of Po§;gendorfl^s battery. 

— ^For short experiments, Jf. Grenet devised the bottle battery. The zinc 
is dipped into the fluid during the experiment, and then withdrawn. 
Troiwi, Gaiffe^ and Ducretet suspend the plates from a windlass, so that 
they may be withdrawn from the fluid, or more or less immersed at wiU. 

N 
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Trouv^'s cell (1876).— One zinc and two carbons, actiye surface 
15 centimetres inside. 

During the '* spurt " at the beginning, E = 2 volts ; r = '0016 ohms. 
After the " spurt " . . . . B = 1*9 volts ; r = '07 to -08 ohms. 

On short circuit, one element gave 24 ampdres for 20 minutes without 
polarising {d'ArsonvaT). A fully charged element can give 180,000 cou- 
lombs (= 50 ampere hours) before the solution becomes exhausted. 

Tissandier's cell (1882), giving a very large current, 100 
amperes through an external resistance of *01 ohm. 

Solution. 

Water 103 parts by weight. 

Bichromate of potash 16 „ „ 

Sulphuric acid 60° 37 „ „ 

The bichromate to be reduced to fine powder, taking caxe not to inhale 
the dust, which produces ulceration of the lining membranes of the nose. 
Part of the bichromate is dissolved in water at about AQP C. in An earthen 
vessel ; the acid is then added, and the mixture is violently stirred until 
the whole of the bichromate is dissolved. It must be allowed to cool 
down to 35° C. before being used. Below 15° C. the liquid works badly. 
This battery gives more than one kgm. of useful electrical energy per 
kilogramme of weight for two to three hours, and effective mechanical 
work of more than a horse-power for the same length of time for a weight 
of about 200 kilogrammes (24 elements in series, and a Siemens dynamo 
as motor). 

TWO-FLUrD BATTEBIES. 

Becquerel (1829). — Zinc, nitrate of zinc; bladder; copper, and 
nitrate of copper. 

Danlell (1836). — Zinc, acidulated water; bladder or porous pot; 
copper, saturated solution of sulphate of copper. E = 1 '079 volts. Action 
goes on even on open circuit, the solution is maintained by adding sul- 
phate of copper. The solution roimd the zinc may be pure water, salt 
and water, or a solution of sulphate of zinc. There are many modifi- 
cations of the Daniell cell. 

Trough battery, — Flattened elements arranged in a trough with par- 
titions. The Post-Of&ce pattern is a teak trough, marine glued inside to 
make it water-tight, with alternate diaphragms of slate and porous 
earthenware. 
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Eisenlohr (1849) replaced the dilate sulphuric acid by a solution of 
tartar (sodium bitartrate). 

MinottVs cell. — ^The porous pot is replaced by a layer of sand or saw- 
dust, the copper and copper sulphate below and the zinc above. 

Gravity battery,— The two liquids are kept separate by their difference 
of density, there is no porous diaphragm. Called Meidinger^s (1869) in 
Germany and Callaud'a (1861) in France. It is known under both names. 

Sir W. Thomson's tray battery. — Large-surfaced horizontal elements, 
the zinc in the form of a grating enveloped in parchment paper so as to 
form a tray to contain the sulphate of zinc solution ; very low internal 
resistance. 

E. Beynier (1880).— Porous cell made of parchment paper so 
folded as to have no seams. 

Amalgamated zinc; solution, 300 parts of caustic soda to 1,000 parts 
of water ; copper, solution of sulphate of copper containing sulphate of 
soda or sulphuric acid. The conductivity of the solutions is increstsed by 
the addition of small quantities of different alkaline salts. E. m. f. = 1*5 
volts. Resistance of a 3 -litre cell with lined parchment-paper porous cell, 
•076 ohm. 

£• Reynier (1881).— External cell of copper of flat form, forming 
the positive plate. The bottom is provided with a wooden flooring. 
Jacketed zinc. Only the sulphate of copper solution requires to be re- 
newed. The sulphate of zinc passes through the jacketing by itself by 
osmosis. 

Grove (1839). — Zinc (amalgamated), dilute sulphuric acid; porous 
pot; nitric acid, platinum. E = 1*96 volts. The surface of the platinum 
may be increased by bending it into an S shape {Poggendorff^ 1849). 

Callan (1847) replaced the platinum by platinised lead, and the nitric 
acid by a mixture of 4 parts concentrated sulphuric acid, 2 of nitric acid, 
and 2 of a saturated solution of nitrate of potash. 

Bunsen (1840) replaced the platinum by artificial carbon in the 
form of a hollow cylinder. E =: 1 '9 volts. 

Archereau (1842) .—Put the block of carbon in the middle and 
the zinc outside. 

Bunsen'S cell {cPArsonvaJ). — ^Amalgamated zinc in dilute sul- 
phuric acid (one-twentieth by volume). In the porous pot a plate of 
carbon, in common commercial nitric acid, sp. gr. 36° to 40° Baume. 

An element 20 cm. high has an internal resistance of '08 to '11 ohm. 
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The e. m. f . = 1 '8 volts. When the nitric add is about 30' Baum^ the 
battery runs down rapidly. The Bunsen element consumes 1*3 grammes 
of 2inc per ampere per hour (Faraday's law gives 1*296). Nitric add of 
density 36° Baum^ contains 45 per cent, of anhydrous nitric add ; it will 
work until it has fallen to 28^ Baum^. Under these conditions only 130 
grammes of add are utilised per kilogramme expended. The weight of 
acid expended is at least ten times that of the zinc consumed. 

D'Arsonval's depolarising liquid (to be used instead 
of nitric acid, and in the same way, 1879). 

Nitric add 1 part. 

Hydrochloric acid 1 „ 

Water 2 „ 

is used in circulating batteries, zinc in the porous cell, the positive pole 
being formed by a crown of carbon rods 1 cm. in diameter. The current 
is constant, the internal resistance reduced- to a minimum, and the 
depolarising surface very large. An element 20 cm. high can give as 
much as 40 amperes on short circuit. 

Carbons for Bunsen cells. — Cane's carbons are better 
than retort carbon ; they have a very high conductivity, and their close* 
ness of texture prevents the adds from escaping by capillary attraction, 
and so attacking the metallic connections. This fault can be completely 
overcome by steeping the upper part of the carbon for several minutes in 
melted paraffin. When cold electroplate it with copper, and then dip it 
into melted type metal. Perfect and indestructible contact can thus be 
insured {cTArsonval). 

D'Arsonval's zinc carbon element differs from the 
Bunsen cell by the composition of the fluids. 

Fluid round the zinc, or exciting Jluid. 

Water 20 volumes. 

Sulphuric acid (purified by oil ; see page 297) . 1 „ 

Common hydrochloric add 1 , 

Fluid round the carbon or depolariser. 

Common nitric a^id 1 yolume. 

Common hydrochloric add 1 , 

Water addnlated with ^th of sulphuric acid . 2 

This cell does not polarise on short circuit ; its e. m. f . is as much as 
2-2 volts. 
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Couples in mrliich the negsMve electrode is 

Jacketed (cloUonneS) {E, Reynier),—ln most two-fluid combinations 
the negative electrode is immersed in a solution of some salt of the metal 
of which it is composed. 

If the negative electrode be jacketed, that is to say, provided with a 
tight covering not attacked by the liquids .in the battery, but yet 
permeable by them, a constant couple may be formed by simply dipping a 
positive electrode in the ordinary state into the depolarising liquid along- 
side of the jacketed negative electrode. 

The smsill quantity of liquid confined in the jacket against the negative 
electrode is soon charged with a salt of its metal ; the couple then acts 
like a two-fluid cell, the excess of salt being eliminated through the jacket 
as fast as it is formed by a process of osmosis, the rate of which is auto- 
matically regulated by the current. 

This plan reduces the maintenance of constant batteries to the keeping 
in good order of one fluid only ; it has been applied with success to the 
combination zinc, sulphate of zinc ; sulphate of copper, copper. The cell 
being composed of a copper vessel and a jacketed zinc. (If the sulphate 
of copper be replaced by "gilder's verdigris" the battery becomes the 
most economical known.) 

E. in. f. of some Jacketed zinc cells {E, Reynier); 

New Polarised 
volts. volts. 
Common zinc jacketed, bare copper, dilate 

sulphuric acid '848 '441 

Common zinc jacketed, bare iron, dilute 

sulphuric acid* '401 '409 

Amalgamated zinc jacketed, bare iron, dilute 

salphurio acid *466 '466 

Amalgamated zinc jacketed, bare iron, 20 per 

cent, solution of bisulphate of soda . . '504 '509 

M, Reynier has tried to apply jacketing to bichromate cells ; but he 
has not been able to construct any flexible jacket which will resist the 
destructive action of the bichromate mixture. 

Modilications of Orove's and Bunsen's cells.— 

Efforts have been made, but as yet without success, to flnd a substitute 
for zinc in these cells. M, Rousse proposed lead or iron attacked by 
nitric acid. M. Maiche (1864) a cylinder of sheet iron attacked by water 
containing one-hundredtii of nitric acid, etc. Attempts have also been 

♦ 06«ertation.— The couple zinc, acidulated water, iron, is perfectly constant. 
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made to replace the platinam by passive iron {Hawkins^ 1840 ; Schonbeitty 
1842). Concentrated nitric acid or aqua regia is necessary for this 
purpose. 

Attempts have also been made to replace the depolariser (nitric acid) 
by other bodies : chromate of potassium, Bunten (1843) ; chlorate of 
potash, Zeeson (1843) ; chromic add, chloric acid, perchloride of iron, 
picric acid, etc. 

Maii^Dairy's cell.— A Bunsen ceU in which the nitric acid 
is replaced by a paste of sulphate of mercury protoxide (HgaOjSOs) packed 
round the carbon. E =: 1*2 volts. Answers for intermittent work, 
requires very porous cells, weak solutions of high resistance. 

Dachemin (1865). — Zinc in a solution of common salt, the nitrio 
add replaced by a solution of perchloride of iron. The solution is 
refreshed by passing a stream of chlorine through it. E =: 1 '54. 

Delaurier (1870).— Nitric add replaced by : 

Chromic add (4 eqaivalents) .... 25*14 parts. 

Sulphate of protoxide of iron (1 equivalent) . 25* „ 

English sulphuric add 30*62 „ 

Water 60* „ 

The hydrogen is absorbed, and a mixture of sulphate of protoxide of 
iron, and sulphate of sesquioxide of chrome is formed. 

Bichromate of potash.— Depolarising liquid of 100 parts of 
water, 25 of sulphuric acid, and 12 of bichromate ; porous pot, amalga- 
mated zinc, water addulated with one-twelfth its wdght of sulphuric 
acid. E = 2*03 volts for the first few seconds. In Fuller^ a battery the 
central zinc stands in a small pool of mercury to keep up the amalgama- 
tion. Water only is in practice put into the porous pot with the zinc. 
E = 2 volts. 

In the element invented by Cloris Batddet (1879), there is a supply of 
sulphuric add and bichromate arranged in the outer pot with the carbon, 
so as to keep up the strength of the depolarising liquid. E =: 2 volts : 
r = '22 to -3 ohm for the 20 cm. form. 

In Higgina* cell the zinc, which is perfectly amalgamated, is immersed 
in a solution of sulphuric acid (^V*^ ^Y volume), the carbon plate in 
a chromic solution containing 45 parts water, 15 sulphuric acid, and 5 
of bichromate of potash (by weight). E = 2*2 volts. The X5 cm. high 
element has an internal resistance of *4 to '5 ohm. 
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D'Arsonval's bichroinate cell.— Porous pot full of 
broken-up retort carbon, plain water with the zinc ; the depolarising 
liquid is : 

Water saturated in the oold with bichroinate of potash . 1 volmne. 
Common hydrodilorio acid 1 *» 

This liquid should flow continuously through the cell ; this element 
makes no smell, and is always ready when wanted. 

Niaudet's chloride of lime battery (1879).— Plate of 
zinc in 24 per cent, solution of common salt ; plate of carbon in porous 
pot, with fragments of carbon and chloride of lime (bleaching powder), 
the depolarising agent is the hydrochlorous acid. Initial e. m. f . =: 
1'66 volts after being left alone for several months. E =: 1*6 volts, r of 
the common form = 5 ohms. Action only takes place when the circuit is 
closed, but smells disagreeably, so that the cells have to be hermetically 
sealed. 

Circnlatioii, aifitatioii, and blowingr air through 
the cells are three excellent ways of disengaging hydrogen from the 
carbon plates, and bringing oxygen in contact with them. Agitation has 
been employed by Chutaux, CamachOy etc. ; blowing air through by 
Grenet and Byrne, 

Thermo-chemical batteries*— The current is produced 
by the oxydation of carbon at a high temperature under the action of 
nitrate of potassium or sodium. The fundamental experiment is due to 
Becquerel (1866), repeated by Jablochkoff (1877), and taken up again by 
Br, Brard (1882), who has produced an electrogenic torch which produces 
a current as it bums. This new generator of electricity has not yet come 
into use, we therefore only notice it. 

Electromotive forces of one-fluid batteries with 
no depolariser (reduced to volts from observations by Foggendorff 

and E, Becquerel) : ^ ..x 

Open After 

circuit, polarisation. 

Copper, dilate sulphuric add, common zinc • 'Si — 

saver, „ „ >f » „ . 1-03 — 

Copper, „ » >» amalgamated zinc '94 '44 

Silver, „ „ „ „ „ . 1-24 '52 

Platinum, „ „ „ „ » . 1*44 '65 
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ELECTEOMOTIVE POBCE OP GEOVE'S CELL (Poggeniorf). 







Elbcteomotitb 


Pluid bouhd the Zihc. 


PlUID SOUfiD THE PlATIKUK. 


POSCB 

IN Volts. 


Snlphnrio acid : 






Density . . =1-136 


Fuming nitric acid . 


1-955 


„ . . =1-136 


Nitric acid, d . =1-33 


1-809 


„ . . =106 


. =1-33 


17J0 


. =1-136 


. =1-19 


1*681 


„ . . =1-06 


. =ri9 


1-631 


Solationof snlpbate of zinc 


. =1-33 


1-673 


„ of common salt . 


. =1-33 


1-905 



ELECTEOMOTIVE POBCES OP AMALGAMS OP POTASSIUM AND ZINC, 
(The amalgams were enclosed in porous cells) {Wheatttone), 



AM4XOA1C. 


SoLUTioir. 


Positive Pole. 


ELECTBOMOTrVS 
FOitCE. 


r 


Sulphate of zinc. 


Zinc. 


1-043 




Sulphate of copper. 


Copper. 


1*122 


POTASSIUll-J 


Chloride of platinum. 


Platinum. 


2-482 




Sulphuric acid. 


Peroxide of lead. 


8*525 


^^ 


Sulphuric acid. 


Peroxide of manganese. 


2-921 


f 


Sulphate of copper. 


Copper. 


1079 




Nitrate of copper. 


Copper. 


1-043 


ZlHO . -j 


Chloride of platinum. 


Platinum. 


1-438 




Sulphuric acid. 


Peroxide of lead. 


2-446 


l- 






1-942 



Electromotive forces of cells eontainini: only 

one electrolyte (K Reynier). — The electromotive force of such 
cells is very variable ; it decreases when the circuit is closed^ and in- 
creases when the battery is at rest ; for the same voltaic combination, it 
appears to be higher when the surface of the porative plate is very large 
compared to that of the negative plate. Thus the apparent e. m. f. 
varies with the design of the cell, the circumstances of the experiment, 
and the method of measurement employed. The two values of the e. m. f . 
which must be known are the highest and the lowest. M. Beynier has 
measured these two extreme values by means of two different types of 
cell, specially constructed for this purpose, which he calls pile a maxima 
and pile d minima. The positive plate of the first type has 300 times more 
8U]:face than the negative, whilst in the second type the negative plate 
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exposes far more surface than the positiye. The e. m. f . is measured after 
the cell has been for some long time on short circuit. The following are 
the figures which he has obtained for some voltaic combinations. 



Tjl 

Description of Cell. p^ 


>ECB IN Volts. 


Liquid. 


Negative 
Plate. 


Positive -m-.^ 
Plate. -"^^ 


imnc. 


MlNHfTTH. 


f 


Common zinc. 


Platinum. 




•5 




Amalgamated zinc. 


Platinum. 


— 


•561 




Common zinc. 


Silver. 


— 


< 098 




Amalgamated zinc. 


Silver. 


— 


•108 


Water aeidu'AtUd 


Common zinc. 


Carbon. 1 


22 


•04 


vith sulphuric add. 


Amalgamated zinc. 


Carbon. 1 


26 


•226 


Water, lODO vols.. 
Monohydrated 

sulphuric add, 

2 vols. 


Common zinc. 
Common zinc. 


Lead. 
Lead. 

Copper. 


56 

^684 

•94 


•144 
•162 
*194 


Amalgamated zinc. 


Copper. 1 


072 


•272 


Common zinc. 


Iron. 


•429 


•309 




Amalgamated zinc. 


Iron. 


•476 


•323 




Amalgamated zinc. 


Common zinc. 


-. 


•09 


^ 


Iron. 


Copper. 


•6 


~~ 




Common zinc. 


Platinum. 




t)34 




Common zinc. 


Carbon. 1 


06 


< -04 




Common zinc. 


Sarer. 


— 


•043 


Solviionof 


Common zinc. 


Copper. 


78 


'025 


sodium chloride. 




Copper. 


82 


— 


Water, 1000 gr.' 
Sodium chloride, 
250 gr. 


Common zinc. 


Iron. 


378 


•046 


Amalgamated zinc. 
Common zinc. 


Iron. 
Lead. 


469 
503 


^ 


Amalgamated zinc. 


Lead. 


52 






Iron. 


Copper. 


26 


— 


. 


Lead. 


Copper. 


26 


— 


Zinc Chloride. 










Water, 1,000 gr. ( 

Zinc chloride,-^ 

110 gr. I 


Common zinc. 

A in ftl gftTti fttfAt^ zinc. 


Copper. 
Copper. 


•85 
86 


- 


Zinc «u7p7iat«. 










Water, 1,000 gr. ( 

Zioc sulphate, < 

600 gr. "^ ( 


Common zino. 
Amalgamated zinc. 


Copper. 

Copper. 1 


998 
04 


- 


Caustic soda. 










Water, 1,000 gr. C 
Caustic Roda, 250-J 


Common zinc. 
Amalgamated zinc. 


Copper. 1 
Copper. 1 


•06 
09 


— 
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Electromotive forces of some ti¥0-fliiid cells 

{E, Jiet/nier), 

Volts. 

Standard BantelZ.— Unamalgamated dnc, solpbato of zino 
d = 1*09. Copper, sulphate of copper d = 1*16 . . 1-068 

The same, a very small quantity of solphuric add added 
to the sulphate of copper *993 

The same, with a very small quantity of sulphuric acid 
added to both liquids *929 

The same, with a small quantity of tartaric acid added to 
the sulphate of copper 1*015 

Unamalgamated zino, caustic i>otash, 30 per cent, so- 
lution. Copper, sulphate of copper d = 1*16 , , , 1*555 

Unamalgamated zinc, solution of soda and potash (potash 
175, soda 250, water 1000). Copper, sulphate of copper 
d = 1*16 1*661 

Unamalgamated zinc,solution of soda (Beynier's formula). 
Copper,solution of sulphate of copper(Beynier^s formulsi) 1 *473 

Amalgamated zinc, solution of soda (Beynier's formula). 
Copper, solution of sulphate of copper (Eteynier's 
formula) 1*5 

Iron, commercial sulphate of iron d = 1*20. Copi>er, sul- 
phate of copper d = 1*16 ....... '711 

Theoretical electromotive forces.— ^Calculated from 
the electro -chemical equivalents. 

Smee'scell '886 volt. 

Daniell*8 cell 1*156 „ 

Grove's cell 1*991 „ 

Direct observation always gives lower values than these, because of 
the secondary actions which are always going on in the cells. 

Theoretical conditions of a perfect hattery.— 

1. High e. m. f. 

2. Small and constant internal resistance. 

3. Constant e. m. f., no matter how large the current. 

4. Consumption of cheap substances. 

6. Chemical action always proportional to the output of energy, and 
consequently no consumption when the circuit is open. 

6. Convenient and practical form enabling the state of the battery to 
be easily observed, and the cells to be easily refreshed when necessary. 

No battery fulfils all these conditions. In every case a form of ele- 
ment must be chosen, having qualities suited to the purpose for which it 
is wanted. 
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CONSTANTS AND WOBK OF SOME KNOWN FOEMS OF BATTEET • 
(E. Reynxmr). 



CELLS. 


E. 


r. 


WOBK FEB SeCOHD. 


KOK. 


Calobdcs 
(gr.-d.). 


Bonsen round, *2 xnbtre high 

Ehumkorff , *2 m^tare high 

W. Thomson 

Beynier, reotaognlar form, 3 litres 
capacity, porous cell of two 
thicknesses of parchment paper 

Tommasi, zinc, snlphnric acid, and 
water (^q)* carbon, nitric mix- 
ture 


1-9 
1-9 
1-06 

1-5 
1-77 


•24 
•06 
•12 

•075 
•2 


•384 

1-536 

•238 

765 
•399 


•888 

8-555 

•551 

1-77 
•924 



Defects of batteries* — When a battery does not give the 
expected results, one of the following defects is to be looked for : (1) Ex- 
hausted solutions; for example, in a Daniell battery, the sulphate of 
copper worked out, leaving the solution colourless, or nearly so ; (2) bad 
contacts between the electrodes and the wires, oxydised or badly screwed- 
up binding screws, etc.; (3) empty or partly empty cells ; (4) filaments of 
metallic deposit causing short circuiting between the battery plates ; (5) 
creeping or dei)08it8 of salts forming short circuits either between tiie 
plates or from cell to cell. Shaking the cells increases their e. m. f . tempo- 
rarily by disengaging the gases adhering to the plates. Floating filaments 
and broken plates give rise to false contacts, which cause the current given 
by a battery to vary suddenly when it is shaken {Fleeming Jenkin), 

Choice of a battery for different purposes*— The 

following Ust may serve as a guide in most ordinary cases. 

Electro 'Chemical deposition. — ^Daniell, Smee, Grove, Bunsen, bichro- 
mate, Slater. 

Gilding, — ^Daniell, Smee. 

Silvering. — Baniell, Smee, Grove, Bunsen, Slater. 

Electric %A^.— Orove, Bimsen, bichromate (Grenet, Cloris Baudet), 
Tommasi, Carr6, Reynier, Accumulators. 

♦ The constants were measured on new cells, and the work deduced from 
them by calculation; as soon as the circuit is closed, the elements vEury from 
those figures in a manner unfavoorable to the battery. This is the case even 
with batteries which are supposed to be constant. 
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Induction cotls. — One-fluid bichromate, Grove, Bunsen; for small 
I>ocket coils, sulphate of mercury. 

Lecture'Toom and laboratory experiments. — Bichromate, bottle or wind- 
lass form. Grove or Bunsen (in a well-arranged stink chamber), well 
cared for gravity DanielL 

Medical batteries. — Smee, Trouv^, Onimus, Seure, LeclancM, bichloride 
of mercury, chloride of silver. 

Large telegraph lines. — Daniell, CaUaud, Meidinger, Fuller, Leclanch^. 

Bells and domestic purposes. — Leclanch^, sulphate of mercury, sulphate 
of lead. 

Torpedoes, — LeclancM (Silvertown firing battery), special form of 
bichromate. 

Electrical measurements. — Leclanch^, bichromate, Daniell's standard. 

Standards. — See Measuring Instruments (page 62). Practically, only 
the standard Daniell and Clark's standard cell are used. 

CARE AND MAINTENANCE OF BATTERIES. 

In the first place, in setting up batteries, all parts should be as nearly 
as possible chemically clean. The chemicals and the water should be 
pure. For laboratory work these conditions should be strictly fulfilled, 
the water used being distilled, and for practical work they should be 
approached as nearly as possible. 

Groves' and Bunsen' s cells should be emptied after use, all parts well 
washed, and kept separately in large pans of clean water, zincs in one, 
platinums or carbons in another, and porous cells in another. All cells 
of the Daniell type require careful watching from time to time. A little 
of the fluid surrounding the zinc should be drawn off with a syringe, and 
fresh water added. If there be any considerable deposit of copper on the 
zinc, it must be carefully scraped off, and the solution round the zinc 
poured away, and fresh added. In practice, water alone is always used 
for the zinc fluid. The zinc of batteries of the Daniell type should never 
be amalgamated, as, if copper be deposited on the zinc, it spreads in a 
film of amalgam over the whole surface. 

Gravity cells require some skill in their management. If the blue 
colour due to the sulphate of copper spreads too high up, a syringe or 
pipette must be plunged well into the blue solution, and some of it drawn 
off. Water must then be carefully added on the top, taking care 
not to agitate the fiuid. A funnel with a tube turned up at the end is 
useful. The tube should be immersed until the turned up end is just 
below the surface of the fluid, and the water then gently poured into the 
funnel. A screen of perforated zinc may be suspended a little below the 
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sine plate to reduce any sulphate of copper which rises too high. From 
time to time some of the clear fluid near the zinc should be drawn off, and 
replaced with water, because if the sulphate of zinc solution becomes too 
strong, the salt is electrolysed, and zinc is deposited on the copper. 

All forms of Daniell are liable to creeping of the salts. All deposits 
of crystals should be cleared away, and all parts of the battery aboTe the 
fluid should be smeared from time to time with paraffin, wax, vaseline, or 
hard tallow, which checks the creeping. 

A good working rule to preyent exhaustion of the copper solution in 
all forms of Darnell's cell is to take care that there is always some sulphate 
of copper undissolyed. In gravity cells fresh crystals may be added 
without disturbing the fluid much, by dropping them down a glass tube 
of large bore plunged nearly to the bottom of the cell. Leclanche cells re- 
quire but little attention. Sometimes they creep ; the remedy is the same as 
for the DanieU. They should be examined from time to time, and fresh 
water added if the quantity of fluid has diminished from evaporation. 
Care should be taken that there is always some undissolved sal-ammoniac 
at the bottom of the cell. If the cdl be full and there be plenty of sal- 
ammoniac, and yet it will not work well, it may be that the solution is 
too rich in zinc chloride. Empty the cell, and put fresh sal-ammoniac 
and water. If it then fails, the manganese is worked out, and a new cell 
must be substituted. 

FuUer*8 batteries require some of the zinc solution to be removed and 
replaced by water from time to time, and occam'onally the bichromate 
solution must be renewed. Take care in emptying the cells not to lose 
the mercury. 

All cells require the zincs to be renewed from time to time. In 
Darnell's cells the copper deposit is peeled off the copper plates from 
time to time and preserved, as it commands a good price in the market. 

Battery teSting.^This is generally roughly done with the 
linesman's detector, a form of upright galvanometer, wound with one 
coil of low resistance, called the quantity coil, and one of high resistance, 
called the tension coil. A linesman soon knows by experience that so 
many cells of a given type should give so many degrees " quantity " and 
so many *' tension;" i.e. he has always at hand a rough index of the 
internal resistance and electromotive force of the batteries under his 
charge, and in the event of weakness knows in which direction to work 
in order to set matters right. The telegraph engineer can, if he wishes, 
easily calibrate the detectors of his linesmen, so that he can translate 
their reports into electrical units. 

The method used in the Post-office service is of considerable accuracy, 
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and yet easy to carry out. Two resistance boxes are used, one of 10, 25, 
60, 100, 200, and 400 ohms; the other of 1-07 (A), 3-21 (B), 4-28 (C), 
8-56 (D), 17-12 (B), and 34-24 (F) ohms; i.e. in the proportion of 
1 : 3 : 4 : 8 : 16 : 32. Also a tangent galvanometer of resistance 1*07 
ohms. 

Electromotive force teat.^First the standard cell (e. m. f. 1*07 volts) is 
joined direct to the galvanometer, and the deflection brought to about 
25°, or a very little under, by means of the directing magnet. The 
battery to be tested is then put in circuit with the galvanometer and the 
resistance box of 1*07, 3*21 etc., ohms ; if the battery to be tested is a 



NuMBEs OF Cells to be Tested. 








Coils to be placed 

IN ClBCOIT IN Bi. 








Damiells. 


Bichromates. 


LeclancbAs. 




6 


_ 


3 


A 


10 


5 


6 


B 







8 


C 


15 


— 


10 


A + C 


20 


10 


12 


B + C 


25 


— 


16 


A + D 


30 


15 


18 and 20. 


B + D 


35 







A + C + D 


40 


20 


24 


B + C + D 


45 




30 


A + E 


60 


25 


32 


B + E 


55 


— 


— 


A + C + E 


60 


30 


36 


B + C + E 






40 


D + E 


65 


__ 




A + D + B 


70 


35 





B+D + E 


75 




48 and 50. 


A + C + D + E 


80 


40 





B + C+ D + E 


85 







A + P 


90 


45 


60 


B + F 


95 






A + C + F 


100 


50 





B + C + F 


105 







A + D + F 


110 


55 





B + D + F 


115 




_ 


A + C + D + F 


120 


60 


__ 


B+C+D+F 


125 







A + E + F 


130 


65 





B + E + F 


135 







A+C+E+F 


140 


70 





B + C + E + F 


145 







A+D+E+F 


150 


75 


_ 


B + D + E + F 


155 







A+C+D+E+F 


160 


80 


— 


B+C+D+E+P 
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Daniell, then as many times 1*07 ohms are inserted as there are cells in 
the battery (taking into account the 1*07 ohms in the galvanometer for 
one cell), if the battery is in good order the deflection remains the same, 
if not the e. m. f . can be calculated. For other tyx>e8 of cell, tables are 
issued showing the most conyenient resistances to employ in order to 
make the calculation easy, and the deflections which ought to be obtained 
if the cells are in good order. 

Test for internal resistance.— After the deflection for 

electromotive force has been noted, the second resistance box is put as a 
shunt to the battery; let Bs be the resLstance employed. This reduces 
the deflection. Let e be the current passing through the galvanometer, 
then if E be the electromotive force and x the internal resistance of the 
battery, 

c=: ? X ^ 

Ba(Bi-hQ) Ba-hBi-hG 
■^Ra+Ri + G 

ERj 



;i:(R2+Ri + G) + R2(Bi + G) 
where Ri is the resistance employed in taking the e. m. f . 

The current C passing through the galvanometer previous to the 
insertion of the shunt is 

C = 



^r+Ri + G 
therefore 

j_ _ (a:+Ri-fG)R2 



C a:(R2+Ri+G)+R3(Ri+G) 

But since x and Rs are very small compared with Ri 4- ^» '^^ ii^y 
consider 



Ri + O Ri + G 
in which case 

1. — _^ 
C ~ x+B^ 
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If the first deflection (on the degrees scale) be called D and the reduced 
deflection be called d, then 

tan d c 

tanD " C' 
therefore 

tan d R2 

tanD x-{-R2 
or 

tan rf X a; + tan <? X R2 = tan D X Bi, 
therefore 

tan rf X a; = Ea (tan D — tan <0 ; 
that is 

/tanD 



" \tan d ) 



ACCUMUI.ATORS OR SECONBARY 
BATTERIES. 

Though many forms of battery are theoretically reversible, only 
salts of lead as yet have been found to answer in practice. Jf. Gaston 
Flante was the first to use lead for a reyersible regenerative or secondary 
batt«ry in 1860. Since these cells have come into practical use they have 
been called Accimiulators, a name which is very imf ortunate, being based 
on an erroneous theory of their action, which, as far as we know, has 
never been held by any electrician. It has now passed into the language, 
and must therefore be accepted. 

M. Oaston Plante's secondary cell or accrnna- 

lator (I860). — Two plates of lead, separated by flannel or other 
absorbent non-conductor, and rolled up in a spiral immersed in a 10 
per cent, (by volume) solution of sulphuric acid. 

Formation, — ^A preliminary operation, the object of which is to form 
as thick a coating of peroxide as possible on the positive plate and to 
convert as great a depth as possible of the negative plate into spongy or 
crystalline lead. This is effected by changing the direction of the 
charging current after disdiarge, and keeping the cells charged for 
longer and longer time. In order to shorten the forming process, 
M. Plants has lately suggested heating the forming bath, or, more 
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simply, immersing the plates for &om 24 to 48 hours in nitric acid diluted 
with half its volume of water. The acid attacks the lead, and makes it 
more or less porous, thus assisting the action afterwards set up by the 
charging current. 

Electromotive force. — ^During the first few moments after the stoppage 
of the charging current, the e. m. f . = 2*53 volts. In two minutes it 
falls to 2*1 volts, and for two-thirds of the discharge it remains steady at 
2*02 volts. M. Plants explains the excess of e. m. f. at first by the 
formation of liquid or gaseous compounds rich in oxygen and hydrogen 
roimd the electrodes, which tend to decompose or escape very quickly. 
Their action is added to the normal action, which remains sensibly con- 
stant for two-thirds of the discharge. 

Internal resistance, — ^A couple exposing 60 square decimetres of total 
surface, the plates being five millimetres apart, has an internal resistance 
of from '04 to '06 ohm, according to the extent of the formation of the 
plates. 

Total quantity of electricity stored. — ^A well-formed couple containing 
15,000 grammes of lead will deposit 18 grammes of copper in a sulphate 
of copper voltmeter by its whole discharge. This corresponds to 64,540 
coulombs, or 36,360 coulombs per kilogramme of lead. The cell gives out 
during its discharge from 89 to 90 per cent, of the quantity of electricity 
which has passed through it during its charge, if the discharge be made 
immediately after the diarge. In recent experiments, M. Plants has 
succeeded in depositing as much as 19 grammes of copper per kilogramme 
of lead. 

Useful discharge. — ^About two-thirds of the discharge may be utilised 
without the e. m. f. falling below 2 volts, i.e, about 24,240 coulombs. 
The total energy given out is 4,850 kilogrammetres, or 3,230 kgm. per kg. 
of lead. 

Many modifications of M. Planters accimiulator have been devised to 
increase the active surface without increasing the weight. (The corru- 
gated plates of MM. de Kabathy de Fezzer, de Meritensy etc.) 

Faure's accumulator (1881).->Flat or spiral plates of lead 
covered with minium (red lead) kept in place by parchment paper and 
felt. The experiments made in January, 1882, by the commission of the 
Paris Electrical Exhibition, gave the following results : 

Thirty-five elements, each weighing 43*7 kg., electrodes coated with 
TOiT^inTn 10 kgs. per square metre. Liquid : water acidulated with one* 
tenth of its weight of sulphuric acid. The accumulators arranged in 
series were charged for twenty-four hours forty-five minutes, by a current 
varying between 11 and 6*36 amperes, and a mean difference of potential 
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of 91 Yolts, and received 694,500 coulombs. The charging was effected by 
a shunt Siemens' d3mamo. 

The work supplied is thus divided : 



Effective work in charging 
Excitation of field magnets 
Heating of the ring . 
Heating of passive resistances 
Total work given out 



6,382.100 kgms. 
1,383,600 „ 
269,800 „ 
1,034,600 „ 
9,570,000 „ 



The discharge occupied ten hours thirty-nine minutes, with a mean 
current of 16*2 amperes, and 61*5 volts difference of potential at the 
terminals of 12 Maxim lamps in parallel arc. 619,600 coulombs were 
recovered, the loss was 74,900 coulombs, or about 10 per cent. The 
external or useful electrical work was 3,809,000 kgm., or 40 per cent, of 
the total work, and 60 per cent, of the stored work. 

llie patterns made in England vary from 28 to 45 elements to the ton. 

The first require 32 amperes for twelve hours to charge them, 
the second 20 amperes for twelve hours. Same current given by the 
discharge, but it may be doubled by halving the time of discharge. For 
special efforts, then, this current may be largely exceeded for a few 
moments. 

Fanre-Sellon-Tolkmar accumulators (1882) without 
felt, etc. ; lead plates pierced with holes, or cast-lead gratings ; minium, 
reduced lead, or some lead salt is compressed into the openings. The 
reduced plates last indefinitely ; the oxydised plates are eaten away after 
about a year's service. A cell containing forty- three plates and weighing 
140 kgs., can give 120 amperes for six hours. Another form containing 
fifty-three plates, and weighing 170 kgs., will melt a copper wire 5 mm. 
in diameter, and 30 cm. long, which implies a current between 400 and 
500 amperes. The good results obtained from the cells manufactured by 
the Power Storage Company (Limited) are probably as much due to the 
selection of materials (which is as yet a trade secret), and the care 
bestowed on their manufacture, as to the fundamental design of the 
plates. 

Copper acciimillators(J?.J2^ni<?r).— Positive: peroxydised 
lead; negative: copper-plated lead; liquid acid solution of copper 
sulphate : E »» 1*68 volts. Mr. Sutton, of Australia, laid before the 
Eoyal Society a form of copper accumulator : copper ; copper sulphate 
solution ; amalgamated lead. It is found that amalgamation makes the 
peroxydising process more rapid. Professor McLeod, of Cooper's Hill, 
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has observed that the first action of the current is to remove the 
mercury from the lead in the form of sulphate, the lead surface then 
begins to peroxydise rapidly, being probably left in a more or less 
spongy condition. The advantage claimed for copper accumulators 
is that the colour of the solution is a gauge of the quantity of charge in 
the cell, being colourless when the cell is fully charged, and deep blue 
when it is nearly discharged. 

SEinc accmnillators (E. Reynier), — ^Positive: peroxydised 
lead ; negative : zinc-coated lead ; liquid acid solution of zinc sulphate : 
E = 2*3 volts. Zinc plates may be used ; the difficulty of construction is 
the necessity for keeping the zinc well amalgamated. 

Storing: ponrer and output of accumulators.— 

In order to get good efficiency from accumulators their output ought not 
to exceed half an ampere per kilognunme of total weight; when, 
however, a rapid output is required, 5 or 6 amperes per kilognunme may 
be taken at the expense, however, of efficiency. From this point of view 
the small Plants cells with thin lead plates are the most powerful. The 
storing power, on the other hand, increases with the dimensions of the 
cell, and varies in practice between 2,000 and 4,000 kgm. of available 
electrical energy per kilogramme, or from 70 to 150 kgs. of accumulators 
per hour horse-power. Theory shows that this weight might be much 
reduced, but we know of no authentic experiments giving higher results 
than those quoted here. To avoid heating the accimiulators, and so 
wasting work, the charging current ought not to exceed half an ampere 
per kg. of accumulators for large sizes, and 2 to 3 amperes per kg. for 
smaU. The duration of charging in seconds is given by the ratio of the 
storing capacity of one element in coulombs to the charging current in 
amperes. Under the same conditions the duration of the discharge is 
proportional to the weight of the element. 

CAIiCUIiATION OF EI^ECTRO-CHEMICAIi 
DEPOSITS. 

When 1 coulomb of electricity passes through a decomposition cell it 
liberates 

•0105 milligranmies of hydrogen*. 

* KoMffomch fomid bj experiment '010521. 
Jfoscart ,, ,, •OlOUS. 
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If ^ be the chemical equivalent* of an element (hydrogen ^1), the 
weight z of this element set free by one coulomb of electricity will be : 

z= '0105 tfmg., 

z is the electro-chemical equivalent of the element. . 

A current of strength C (in amperes) wiU deposit a weight P per 
second : 

T' = zC = -0105 eC mg. 

A current of strength C (in amperes) will deposit a weight V per hour : 

P' = 3600 zC = 37-8 eC mg. 

One ampere hour (3600 coulombs) will liberate : 

37*8 milligrammes of hydrogen. 

37*8 e milligrammes of any given element. 

These formulae enable the deposit which would be produced by a given 
current in a given time to be calculated, or conversely the strength of 
current necessary to produce a given deposit in a given time. 

Calculation of the electromotive force of 
polarisation of an electrolyte.— The electromotive force 
of polarisation of an electrolyte is a measure of the electro- chemical 
work done by the current in its decomposition. 

The principle of the conservation of energy enables this e. m. f. to be 
calculated by equating the work done by the current in overcoming this 
polarisation e. m. f., and the mechanical equivalent of quantity of heat 
which the liberated element would disengage in recombining, so as to 
reform the original electrolyte. 

Let E be the polarisation e. m. f . (in volts) of an electrolyte, Q the 
nimiber of coulombs which has parsed through it, the electro-chemical 
work of decomposition is ; 

QE 

If 2 be the electro-chemical equivalent of the liberated element (see 
page 212), the total weight liberated by Q coulombs will be equal to Q2. 

CombiniDg weight or atomic weight 
• e the chemical eqidyaleiit = Valency ' 

Atomic weight 
Thus potassium a monad equivalent = j • 

,. , . , . Atomic weight 
Zinc, a diad, equivalent = ^ • 
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Let H be Ihe quantity of heat disengaged by 1 gramme of this 
element in combining so as to form the original electrolyte, then the heat 
disengaged by the weight Qz of this element will be QrH. As the 
mechanical equivalent of heat is '424 kgm. per calorie (g.-d.) the heat dis- 
engaged by Qz grammes will be : 

•424 Q3H. (/3) 

Equating (a) and (fi) we get finally : 

E = 416zH. 

Electrolysis of lirater* — Applying the above formula to this 
case, as the heat disengaged by the oxydation of 1 gramme of hydrogen is 
34450 calories (g.-d), and the electro- chemical equivalent of hydrogen is 
'0000105, we get: 

E = 4-16 X -0000105 X 34450 = Vo volts. 

The polarisation e. m. f. in the electrolysis of water is thus 1-5 volts. 
This fact explains why one Darnell's cell is unable to decompose water, at 
.east two in series being required. 

Calculation of tbe e. m. f. of batteries.— The formula 

E = 4*16 zH enables the e. m. f . to be easily calculated for any voltaic 
combination when the nature of the chemical actions occurring in it and 
the heat disengaged by those actions are known. 

The DanieWa cell. — Two distinct actions go on : Ist, solution of the 
zinc in sulphuric acid ; 2nd, deposition of copper by the decomposition of 
copper sulphate. 

1st. The heat disengaged by the solution of 1 gramme of zinc in sul- 
phuric acid, Hi, is, according to Juliw Thomsen, 1670 calories; the 
electro-chemical equivalent of zinc, zi =z *0003412 ; thus : 

El = 4-16 X -0003412 X 1670 = 2'36 volts. 

2nd. The heat absorbed by the deposition of the copper H3 is 881 
calories per gramme, the electro-chemical equivalent of copper 23 = 1*21 
volts. 

The e. m. f . of the Daniell cell is equal to the difference between the 
two, i.e. 2-36 - 1'21 = 115 volts. 

This theoretical value is not far from the practical value, 1'079 volts. 

Electrolysis urittioat polarisation.— When electrolysis 
is carried on with a soluble anode, if the bath be a solution of a pure 
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salt of the metal, there is no polarisation, and the work done by the 
current is reduced to mere transport of matter from one plate to the 
other, which only requires a very small expenditure of electrical energy.* 
The expenditure of energy in the decomposition cell is thus practically 
reduced to the heating effect due to the passage of the current, and may 
be calculated by Ohm's law. K W be this work, 

W =: -— T kgm. per second. 

y*oi 

B being the resistance of the bath in ohms, and C the strength of the cur- 
rent in amperes. 

In practice the baths are never perfectly pure, and a certain amount of 
polarisation is produced in them which has to be taken into account. 

EI^ECTRO-mnBTAIiliUROT. 

Under this title are included all operations in which a metallic deposit 
is formed by means of electrolysis. 

The term " electrotype " is applied exclusively to those deposits which 
are so thick that they can be det8U)hed from the surface on which they 
have been deposited without losing their shape. Electrotypes are almost 
always of copper. Adherent deposits of tiiis metal are used for cop- 
pering.' 

ELECJTEOTTPING. 

Copper electrotyping^. — For whatever purjwse copper is to 
be deposited, the bath is always the same. It is thus prepared : 

Bath, — ^A certain quantity of water is taken, to which from 8 to 10 
per cent, of sulphuric acid is added slowly and by degrees, stirring well 
the whole time. As much sulphate of copper is then dissolved in this 
acidulated water as it will take up at the normal temperature, stirring 
well. The saturated bath ought to have a density of 1*21. It is always 
used cold, and must be kept saturated, either by the addition of freiah 
crystals or the use of soluble anodes. It must be used in vessels of 
porcelain, glass, hard faience, or guttapercha. For large baths wooden 
vats are used, lined with a thin coating of guttapercha, marine glue, or 
varnished lead-foil. The vats should never be lined with iron, zinc, or 
tin. 

* M. Lossier has calcnlated the energy absorbed by this transport by con. 
EiderinsT it as an indnction effect produced by the movement in the fluid of 
polarised molecules. 
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Moulds* — Plaster of Paris is the substance which has been longest 
in use ; but, as it is porous, it has to be made waterproof, which is a 
complication in its use. Moulds are now generally made of stearine, 
wax, marine glue, gelatine, guttapercha, and fusible alloy. 

When the moulds are hollow, a skeleton of platinum wires is 
arranged in the interior. This is connected to the anode, and serves to 
direct the current, and so to render the deposit uniform in thickness. 
These wires are woimd with a spiral of indiarubber to prevent their 
touching the walls of the mould. M. Gaston Plants uses lead instead of 
platinum for these wires, and has thus effected a great saving in cost. 

When several things are being covered with metal at the same time, it 
is well to connect each one separately to the negative pole by an iron or 
leaden wire of appropriate thickness. This wire melts if there be any 
short-drcuitiDg at its corresponding mould, and thus cuts it out of the 
circuit. The surface of the moulds is made conducting by pure plimibago, 
gilt or silvered plumbago, or bronze powder (a form of finely-divided 
copper, prepared by dropping granulated zinc into a solution of sulphate 
of copper). The mould is rubbed over with a dock-maker's brush or 
polishing brush. Wax requires very soft pencils. Moulds are also 
metalised by a wet process. A solution of nitrate of silver is brushed 
several times over the moulds, and reduced by the vapour of a concen- 
trated solution of phosphorus in bisulphide of carbon. The wet method is 
best for very delicate objects, such as lace, flowers, leaves, moss, lichens, 
insects, etc. An agate cameo can be reproduced, without metalising, by 
simply winding a copper wire round it, and suspending it in the bath. 

Oeneral manag^emeiit of baths and currents.— 

When the solution is too weak, and the current is too strong, the deposit 
is black ; when the solution is too strong, and the current is too weak, the 
deposit is crystalline. The metal is deposited in a sound, flexible state 
when the conditions are the mean between these two extremes : such a 
deposit was named by Smee reguline. The stratification of the liquid, 
and the circulation produced in the bath by the solution of the anode and 
the deposit on the cathode, produce long vertical lines, like notes of excla- 
mation. The objects must be shaken about as much as possible, so as to 
keep the bath thoroughly homogeneous. Large baths are the best. A 
long distance between the anodes and cathodes produces a more regular 
deposit. It is especially necessary for small things ; but it either decreases 
the rapidity of the deposition or requires a more powerful source of elec- 
tricity. The same bath may be used for several objects at once, each one 
connected to a separate source of electricity, if one anode only be used, 
which is joined to the positive poles of all the sources. The surface of 
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the anode generally onght to be the same as that of the cathodes : too 
small an anode weakens the solution ; too large an anode strengthens it. 
Experience shows which effect it is desirable to produce in any particular 
case. 

Copper clieh^s or electrotypes {Stcesser).—Wfix. moulds. 

Deposition requires twenty-four hours; mean thickness of deposit three- 
tenths of a millimetre, corresponding to a deposit of 25 grammes per 
square centimetre, or one gramme per hour per square centimetre. The 
strength of the current may be increased, so that the same thickness of 
deposit may be obtained in twelve hours, or less, without injuring the 
quality of tiie metal Making the process last for twenty-four hours is, 
however, convenient, as the moulds may be prepared during the day and 
put in the bath at night. 

Density of the current {Sprague).— The best bath for o^ 
objects not attacked by acid is : 

Saturated solution of copper sulphate . . . Svolomes. 
Solution of snlphuxic acid (one-tenth by volume). 1 „ 

The density of the current, that is, the current strength per unit of 
electrode area, may vary between certain limits which depend on the rate 
of work and the nature of the desired deposit. In this work we have 
taken as the unit of density, one amji^re per square decimetre. One 
ampere deposits 1*19 grammes of copper per hour. The following are 
the results of Mr. Sprague's experiments : 



Number 

OF 

Experiment 


Weight of 

Deposit 

PER Hour 

PER Square 

Decimetre, 

IN Grammes. 


Strength of 
Current 

PER S<)nARB 

Decimetre, 

IN AMPiRES. 


Nature of Deposit. 


1 
2 
3 
4 
5 
6 


•1 

•4 

3- 

12- 

60' 

124- 


•085 
•342 
2-6 
10-2 
42-7 
106 


Excellent. 

Gk>od tenacious copper. 

Very good. 

Powdery at the edges. 

Bad all round the edges. 



ADHEBEirr DEPOSITS. 



These are now deposited on all metals and of all metals. We will 
only describe the most important : coppering, brassing, gilding, silvering, 
and nickeling. All these deposits require a preliminary process of scaling 
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and cleauing to make the surface fit to receive the deposit, and to ensure 
as perfect adherence as possible between the two metals or alloys. Some 
hints on this process will be found in the Fifth Part. 

Coppering* is always performed by means of a bath of a double 
salt, either hot or cold ; the composition of the bath varies with tlie nature 
of the metal to be coated. Below we give the formulsB recommended by 
an esteemed practical authority, M. Boseleur; but these formulffi differ 
immensely with different operators. 

The copper acetate is dissolved in 5 litres of water, the ammonia and 
other substances in other 20 litres. They are mixed, and the fluid ought 
to be discoloured ; if not, cyanide must be added until discoloration is 
produced, and then slightly in excess. The oldest baths work the best. 
Agitate the objects as much as possible. When the bath is too old, it 
may be refreshed by adding copper acetate and potassium cyanide in 
equal weights. 

COPPEEINa BATHS {RoseUw). 
The weights ei^ressed in grammes are the quantities for 25 litres of water. 





Ibost AifTD Steel. 


Tin, 
CastIeow, 

AND 

Zinc 


Shall 

Zinc 

Object. 


Cold. 


Hot. 


Sodium bisTilphate . 
Potassinm cyanide . 
Sodium carbonate . 
Copper acetate 
Ammonia . • . . 


500 
500 
1000 
475 
350 


200 
700 
500 
600 
300 


300 
500 

350 
200 


100 
700 

450 
150 



Brassing:*— Hot {60P to 60=» C.) for iron and zinc wire in bundles, 
and sham gold ; cold for other objects. 

For iron (cast and wrought), and steel. — ^Dissolve in 8 litres of soft 
water: 

Sodium bisnlphate 200 grammes. 

Potassinm cyanide (70 per cent.) . . 500 „ 
Sodium carbonate 1003 „ 

Again, in 2 litres of water : 

Copper acetate 125 grammes. 

Neutral zinc chloride 100 „ 

Add the second fluid to the first. Avoid ammonia. 
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For zinc, — ^Dissolye in 20 litres of water : 

Sodinin bistilpbate 703 grammes. 

Potassium cyanide (70 per cent.) . . . 1000 „ 

Again, in 5 litres of water : 

Copper acetate SSOgrammes. 

Zinc chloride 350 „ 

Ammonia 400 „ 

Add the second fluid to the first, and filter. 

Use a brass anode ; add more zinc to produce a greenish deposit, more 
copper for a redder one. Too weak a current produces a red deposit, too 
strong a current a white or blueish- white deposit. Bemedy by altering 
the battery-power, or using a copper or zinc anode. The density of the 
bath may be allowed to vary from 5° to 12® Baum^ without injury. 

Oilding^ {Roseleur). — ^Hot for small things, cold for large ones. 
Bath of the double cyanide of gold and potassium. — Cold. 

Distilled water laiitres. 

Pwre potassium cyanide 200 grammes. 

Virgin gold 100 „ 

The gold transformed into chloride is dissolved in 2 litres of water, the 
cyanide in 8 litres ; the two fluids are mixed, a change of colour takes 
place, and the mixture is boiled for half an hour. The richness of the 
bath Ib kept up by adding as required equal weights of pure potassium, 
cyanide and chloride of gold, a few grammes at a time. If the bath be 
too rich in gold, the deposit is blackish or dark red. If there is too much 
cyanide, the gilding goes on slowly, and the deposit is grey. The anode 
should be entirely immersed in the bath, suspended by platinum wire, 
and should be taken out when the bath is not working. 

Hot gilding. — ^It is better to first copper objects made of zinc, tin, lead, 
antimony, and alloys of these metals. The following are the formulae for 
other metals, the quantities being for 10 litres of distilled water : 





Silyer, copper. 


Cast and 




and alloys 


wrought iron. 




rich in copper. 


steel. 




grammes. 


grammes. 


Crystallised sodium phosphate 


. 600 


500 


Sodium bisnlphate .... 


. 100 


125 


Pure potassium cyanide . 


. 10 


5 


Virgin gold transformed into chloride 


10 


10 
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Dissolye the sodium phospliate in 8 litres of hot water, allow it to cool ; 
dissolve the chloride of gold in I litre of water, mix the second fluid 
slowly with the first ; dissolve the cyanide and bisulphate in one litre of 
water, and add the third solution to the other two. 

The temperature of the bath may vary from 50' to 80° C. A few 
minutes will produce thick enough gilding. A platinum anode is used ; if 
it only just dips into the bath pale gilding is produced, if immersed very 
deeply tiie gilding is red. The bath may be refreshed by successive ad- 
ditions of chloride of gold and cyanide of potassium; but after long 
service it gives red or green gilding, according to whether it has been most 
used for gilding copper or sUver. It is better to renew the bath than to 
refresh it. 

Green, white, red, and pink gilding. — These different colours are 
obtained by mixed baths and currents of different strengths. Crreen is 
obtained by adding a very dilute solution of silver nitrate to the gold 
bath, red with a copper bath, and pink with a mixture of gold, silver, and 
copper baths. 

Mate of deposition {DelvaV). — ^About 30 centigrammes per hour per 
square decimetre may be deposited from a bath containing I gr. of gold 
per litre, but this mean rate may be very much varied without harm. 

Silverings* — ^A good bath for amateurs contains 10 gr. of sUver per 
litre, and is thus prepared: dissolve 150 gr. of silver nitrate (which 
contains 100 gr. of pure silver) in 10 litres of water, add 250 gr. of pure 
potassium cyanide, stir till all is dissolved, and filter. 

Silvering is generally done cold, except for very small objects. Iron, 
steel, zinc, lead, and tin (previously coppered) are best silvered hot. The 
articles after cleaning are passed through a solution of nitrate of binoxide 
of mercury, and are constantly agitated in the bath. When the current 
is too strong the articles become grey, turn black, and disengage gas. 
Use a platinum or silver anode in cold baths. Old baths are better than 
new. Baths may be aged artificially by adding 1 or 2 milligrammes of 
liquid ammonia. Silver baths are refre^ed by adding equal parts of the 
silver salt and potassium cyanide. If the anode turns black the bath is 
poor in cyanide, if it turns white there is excess of cyanide ; the deposition is 
then rapid, but does not adhere. When all is going on well and regularly 
the anode turns grey when the current is passing, and becomes white 
again when it is interrupted. The density of the bath may vary without 
injury between 6" and 15" Baume. 

Silver plating of forks and spoons {Roaeleur), 
Ist. Boil them for a few moments in a solution of 1 kg. caustic potash 
in 10 litres of water, and wash in cold water. 
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2nd. Pickle in water with one-tenth (by weight) of sulphuric acid. 
3rd. Immerse for a few seconds in the following mixture : 

Yellow nitric acid at 36° 10 kg. 

Common salt 200 gr. 

Calcined taUow 200,, 

Wash quickly in plenty of water. 

4th. Pass quickly through the following mixture : 

Yellow nitric acid at 36° 10 litres. 

Sulphuric acid at 60° 10 „ 

Common salt 400 gr. 

Wash quickly in perfectly clean water. 

5th. Pass them through the following mixture until they are quite 
white (an immersion of a few seconds will do). 

Water 10 litres. 

Nitrate of binoxide of mercnry 100 gr. 

Just enough sulphuric acid to dissolve the binoxide. 

Wash in cold water. 

6th. Place them in the bath, use a weak current; when sufficient 
silver has been deposited stop the current; allow them to remain for 
a few minutes longer in the bath, remove them, wash first in water, then 
in very dilute sulphuric acid; scratch-brush and burnish if necessary. 
The weight of silver deposited is 72, 84, or 100 grammes per dozen. The 
process lasts four hours, but a better quality of deposit is obtained by 
working more slowly. 



Deposit pbb Houe 

PBB SQTTABB MiTBB. 
In GR1.MMBS. 


Nature or the 
DEPOsrr. 


Stsehgth of CinuusvT 
nr Amp^bss 

PEE SQUABB MiTBB. 


140 
200 
220 


Pm-holes. 
Good deposit. 
Deposit. 


35 
50 
55 



M. Dehal gives, as a mean rate for a bath containing 30 gr. of silver 
per litre, 2 gr. per hour per square decimetre. This agrees with the 
above figures. 

NickeliniP (A. Gkdffe).— Nickel is principally deposited on copper, 
bronze, German sUver, wrought and cast iron, and steel. 
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Cleaning from grease and pickling . — {See Fifth Part.) 

Battery. — The handiest for amateurs is the bichromate bottle battery. 

The current is regulated by immersing the zinc more or less. 

BatK — Saturate hot distilled water with the double sulphate of 

nickel and ammonium free from oxides of alkaline, and alkaline earthy 

metals. The solution is : 

IX>able snlphate of nickel and ammonium . . 1 part by weight. 
Distilled water 10 „ 

Filter when cold. 

Cell, and putting in the hath. — ^The best cells are of glaas, porcelain, 
or earthenware ; or of wood lined with waterproof varnish. Use a plate 
of nickel as a soluble anode, and suspend the articles by nickeled hooks. 
The objects are immersed for a moment in a bath of tiie same solution 
which has been used for pickling, washed quickly in common water, and 
then in distilled water, and quickly placed in the bath. 

Rate of deposit. — M. Belval gives, as a mean rate for a bath 
containing 10 gr. of nickel per litre, 1*8 gr. per hour per square centi- 
metre. This rate must not be much varied in order to get a good deposit 
in a bath of this strength. 

Management of the current and time of the process. — ^If the current be 
too strong the nickel is deposited in a black or grey powder ; one or two 
hours is long enough for a coating of mean thiclmess, five or six for a 
very thick coating. 

Polishing. — ^Bub rapidly backwards and forwards on a strip of list 
fastened to a nail at one end and held by the other in the left hand ; 
apply polishing powder and water to the Ust; hollow parts must be 
poUshed with pledgets of cloth fixed to handles. The polished objects are 
washed with water to remove the polishing powder and cloth fluff. In 
order to obtain a good polish the objects should be well polished before 
nickeling. 

THIIRIflO-EIiECTRICITir. 

It was discovered by Seeheck in 1821, that if the junction of two 
dJHfflmilar metals be heated an e. m. f . is set up at the juncture. This 
e. m. f . is called thermo-eleetromotive force. The general group of electric 
phenomena produced by heating or cooling of junctions of dlBsimilar 
metals, and the passage of currents through such junctures, are known as 
thermo-electric phenomena. The thermo-eleetromotive force is constant 
when the temperature is constant and between certain limits, and for any 
pair of metals is proportional to the excess of temperature at the jimction 
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over the temperature of the rest of the circuit. The total thermo- 
electromotive force developed in any circuit is the algebraic sum of all the 
e. m. fs. developed at the different junctures. The thermo-electric 
I)ower of two metals is the magnitude of the e. m. f . produced when there 
is 1° C. difference, of temperature between the junctures. 

The following table gives the thermo-electric powers in microvolts 
per degree C. of different metals, lead being taken as the standard. 
Bismutii being the most thermo-positive, and antimony the most thermo- 
negative metal, the current produced by a bismuth-antimony couple 
passes from bismuth to antimony across the juncture, and from antimony 
to bismuth through the external circuit. 



TABLE OP THEEMO-ELECTEIC POWER OP DIPPERENT METALS 

With bsspbct to Lead, at a Mean Temperature of 20° C. (MaUhieuen). 
(The electromotive forces are expressed in microTolts per degree centigrade.) 



Commercial bismuth wire 

Pure bismuth wire 

Crystallised bismuth in di- 
rection of axis 

Crystallised bismuth normal 
to the u 

Cobalt . 



German silver 

Mercury 

Lead . 

Tin 

Commercial copper 

Platinum 

Gk>ld . 



+ 97 



+ 65 

+ 45 
+ 22 
+ U75 
+ -418 


- -1 

- -1 

- -9 

- 1-2 



Pure antimony wire . 


. - 2-8 


Pure silver . 


. - 8 


Pure zinc . 


. - 37 


Electro-deposited copper 


- 8*8 


Commercial antimony wire 


> - 6- 


Arsenic. 


- 13-56 


Pianoforte wire . 


- 17-5 


Crystallised antanouy, ii 






- 22-6 


Crystallised antimony, nor 




mal to axis. 


- 26-4 


Red phosphorus . 


- 29-7 


Tellurium . . . . 


-502 


Selenium . . . . 


-807 



Loipurities have considerable influence on the thermo-electric power 
of metals ; some alloys and some sulphides, such as galena (zinc sulphide), 
have a very high thermo-electric power. 



Thermo-electric iiiTersioii.— Neutral point.— The 

thermo-electric power of metals is a function of the mean temperature of 
the junctions as well as of the difference of temperature between the 
junctions. The following figure enables the variations of this thermo- 
electric power to be studied. The absdssffi represent the mean tempera- 
tures in degrees C, and the ordinates the e. m. f. in microvolts. The 
distance between the two lines of two given metals at a given mean 
temperature shows the thermo-electric power of the two metals at that 
mean temperature. The lines are plotted, taking lead as a standard. 
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The point where the lines of metals cut each other is the neutral point. 
At the corresponding temperature the thermo-electric powers of the two 
metals are equal. 

Beyond the neutral point the thermo-electromotiye force changes its 
sign ; thus the neutral point is also the point of reversal. Tait has shown 
that between 0^ and 300° C. these lines are sensibly straight. The calcu- 
lation of thermo-electromotiye forces is thus reduced to the calculation of 
the areas of triangles or trapeziums. Let m be the distance in microvolts 
which separates the line of two metals at the mean temperature, ^1—^3 
the difference of temperature in centigrade degrees, the e. m. f . would 




'►* »• 100* 1M)« 206« 2S0o 300* 350« %00* %M« MO* SM» 
Degrees Centigrade. 

Fig. 44.— Diagram of Thermo-electric Powers. 



then be m (^1—^2). Therefore, if the mean temperature is that of the 
neutral point or point of inversion, there will be no current produced, 
because m is nothing. This enables the neutral point of different metals 
to be determined. Thus we see that it is not sufficient to maintain a 
great difference of temperatures between the junctures to get a large 
e. m. f . It is also necessary to make a judicious choice of the metals and 
the mean temperatures, so as to keep as far as possible from the neutral 
point. 

Formula for calculatingr thermo-electric poiver*. 

— ^This formula, due to Tait, is a result of the graphic ropresentatioa 
above. It is based on the supposition that the lines referring to the* 
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different metals are straight lines. This hypothesis has been verified 
experimentally between QP and 400*. 

Let A'l and Atj be the tangents of the inclinations of the lines of the 
two metals considered in relation to lead, ti and ^ the neutral point of 
each in relation to lead, tm the mean temperature of the two junctions, 
the mean ordinate m or thermo-electric power is given by the formula : 

The total e. m. f . E« is then : 

E« = m(^i-^8). 
TABLE FOB CALCULATING THERMOELECTltlC POWERS. 



METALS. 


NXUTBAL POIHT 
WITH BbSPBCT to 

Lbab in CicKTxea^B 
Deqbsss. 


TAVflXNT or TBB Abolx 


Cadmium . 
Zinc . 
Silver . 
Copper. . 
brass . 
Lead . . 
Aluminium , 
Tin . 
German silver 
Palladium . 
Lron . 






- 69 

- 82 

- 115 

- 68 
+ 27 

- 113 
+ 45 

- 314 

- 181 
+ 357 


+++++ 1 1 1 1 1 



+3 



BiSiniltb<-COpper couple {Gaugain) has been U£cd as a 
standard in measurements of e. m. f . One of the junctions is at 0^, the 
other at 100° ; 

E* ^ volt. 

^ 182-6 • 

Noe's pile* — One of the metals is German silver, the other an 
alloy of antimony and zinc. Each element in regular work gives an 
e. m. f . of jT volts and an internal resistance of ^ ohm. The batteiy of 

20 elements in series hah therefore an e. m. f. of 1*25 volts and an internal 
resistance of *5 ohm. 

Clamond's pile.— Iron and an alloy of bismuth and antimony 
cast on the iron. A battery of 6,000 elements in aeries heated by coke 

P 
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produced a e. m. f. of 109 volts, and had an internal resistance of 15-5 
ohms. 

Thermo-electric batteries have as yet only been applied to the 
measurement of small differences of temperature and as standards of 
e. m. f. As yet the best of them transform less than one per cent, 
of the heat energy given out by the source of heat. 



HEATINO ACTION OF CUBRENTS. 

When a current passes through a conductor, it heats it. The quantity 
of heat produced by the passage of a current is given by the formula : 

C2B< 

H, quantity of heat produced in calories (g.-d.). 

E, resistance of conductor in ohms. 

C, strength of current in amperes. 

t, time during which the current has passed in seconds. 

J, mechanical equivalent of heat. 

H = — - calories (g.-d.). 
4*lo 

jnininmin diameter for innures depends on the conduc- 
tivity of the wire, its shape, the facilities it has for cooling, and the use 
to which it is applied. Conductors of platinum wire, used to light spirit 
lamps or gas, small incandescent lamps, etc., ought to become red-hot, but 
not to melt. The safety catches of cables for electric light leads ought to 
melt and automatically interrupt the circuit as soon as the strength of 
the current on the branch becomes double or triple that which it ought to 
be normally. The wires of dynamos and covered conductors ought never 
to reach the temperature at which the insulation would be damaged. In 
machines wound with wire not more than 2 millimetres in diameter, it 
is safe to allow a current to pass of 5 to 6 amperes per square miUi- 
tnetre, and only 3 amperes per square millimetre for wire of 5 miUimetres 
in diameter. For lead-covered copper conductors, where the cooling is 
slow, not more than 2 amperes per square millimetre should be passed 
for a conductivity of 80 to 90 per cent., and currents less than 20 
amperes. 

liOSS of energy in conductors*— The heat produced is 
calculated by the last formula. In all cases of transmission of energy to 
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a distance, it is advantageous to diminish this loss by reducing the resis- 
tance of the conductors as much as possible. In the following table the 
value of the energy wasted in the wire in the form of heat is given for 
currents from 1 to 100 amperes, and a resistance of 1 ohm, in calories 
(g.-d.), kilogramm^tres per second, and horse-power. 



STBIVOTHOr 

CUKBSNT IM 

AMPi&BS. 


ClXOBIES 

iQ.J>.) 

PBB SbOOND. 


E IL0GB1.MM iTBBS 
PBB SbCOHD. 


Hobsb-Powbb. 


1 


•24 


•102 


•013 


2 


•96 


•408 


•054 


5 


6-01 


2*548 


*034 


10 


24-03 


10*2 


•134 


20 


96-12 


40*8 


•536 


30 


216-2 


91*7 


1*223 


40 


384*48 


163*1 


2*144 


50 


601 


255 


3*4 


60 


885 


367 


4-892 


70 


1177 


499 


6-653 


80 


1538 


652 


8^576 


90 


1918 


826 


11-C07 


ICO 


2403 


1019 


13*59 



From this table, when the current is known, and the loss of current 
by heating of the conductor, which can be allowed, is known, the resis- 
tance, and hence the diameter, of the conductor can be calculated. 

Heatinsr of a conductor traTersed by a current 

((?. Forbes). — Let C be the strength of the current which heats the con- 
ductor at a certain temperature, and D the diameter of this conductor. 
To heat another conductor placed under the same conditions to the same, 
temperature C and D, it must be varied so as to satisfy the equation : 

a being a constant which depends on the temperature of the wire. 

Heating of colls of the same dimensions 
uronnd witli wire of different diameters {G, Forbes),-^ 
The length of wire wound on coils of the same dimensions is inversely 
proportional to the square of the diameter of the wire, and the resistance is 
inversely proportional to the 4th power of the diameter. In order that 
the two wires, under these oircmnstaaces, may be heated to the same 
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temperature, the strength of the current C and the diameter of the wire 
D must satisfy the equation : 

_C 

D2 ""^^ 

a being a constant which depends on the temperature of the wire, 

Heating of two similar coils by the passage of 
a Cnrreiit (G. Forbes). — Let C be the strength of the current passed 
through a given coil at a given temperature, C tiie strength of the current 
which passes through a second similar coil, of which the linear dimen- 
sions are n times those of the first, and diameter of the wire n times that 
of the first wire, for the same temperature we have the following 
equation : 

0'=:«tO. 

This law, deduced by equating the heat produced by the current and 
the heat lost by the coil, has been confirmed by experiment. 

ELEOTBIO UaHT. 

Electrical energy used for electric lighting being now almost exclu- 
sively furnished by magneto and dynamo-electric machines, it is im- 
possible to go into this important application of the heating power of 
currents until after having spoken of the mechanical generators of elec- 
tricity. (See page 260.) 



MECHANICAIi GENERATORS OF EI^CTRI- 
CITY. 

We wiU not here discuss instruments based upon electrostatic actions. 
All mechanical generators of electricity based upon electro-magnetic 
action are composed of two parts, the field magnet and the armature. 
The field magnet produces the magnetic or galvanic field necessary for 
the producticm of the current which is produced in the armature, which is 
called an induced current. Every displacement of the armature relative 
to the field magnet produces an induced current. In all magneto and 
dynamo-machines this relative displacement is produced by a mechanical 
movement. The electrical energy developed is equivalent to the work 
expended in this movement. Induction coils, for example, are instru- 
ments in which the relative displacement of the field and the armature is 
produced without mechanical movement. They act as transformers, and 
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are not mechanical generators of electricity, although the same principle 
underlies the action both of the coil and of the machines. 

"Work expended. — The work expended in driving a mecha- 
nical generator of electricity is measured either by a transmission 
dynamometer or by diagrams taken from the prune mover, taking into 
account the loss of work due to the friction in the prime mover itself. 
The work expended in driving a mechanical generator of electricity 
determines the choice of the prime mover which is to drive it. The 
power of electric generators varies from a few hundred kilogramm^tres 
up to 400 horse-power. 

Total electrical energy produced.— Let E be the 

e. m. f. developed by a generator, and C the strength of the current in its 
normal conditions of working. The total electrical energy Wt produced 
is: 

CB 
Wt = -TTTT kgm. per second ; 

or 

CE CE 

Wt = -TTT- horse-power = — — chevaux-vapeur. 
7*0 7uo 

The difference between the total electrical energy produced and the 
work expended represents losses due to friction, passive resistances, and 
complex secondary reactions, which are produced between the field 
magnets and the armature of the generators. 

Available electrical energy*— Let E^ be the difference of 
potential at the terminals of the machines, i.e. between the ends of the 
external circuit, and C the strength of the current in the external circuit. 
The available energy Wa is : 

Wa = -Tz-r kgm. per second. 

___ CEa , CE« , 

Wa = — 7? horse-power = -r— -- chevaux-vapeur. 
746 9*81 

Heating: of the macbine.— The difference between Wt and 
Wo , expressed in kilogramm^tres or horse-power, represents the work 
transformed into heat in the machine, or its heating. This being lost 
work, it is advantageous to HiTninifth it as much as possible, which may be 
done by reducing the internal resistance of the machine in relation to the 
resistance of the external circuit. 
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When the internal resistance Bj of the machine is known, its heating is 
calculated by the formula : 

Meattng ="^:^ kgm. per second =~^ horse-power ; 

or, Heating z=.—— calories (kg.-d.) per second. 
Relation between the external and internal 

resistance* — Calling Be the external resistance, and Bi the internal 
resistance, then 

when the machines are under bad working conditions ; 

Be=: 10 to 40 Bi, 
when the machines are under good working conditions. 

Classification* — The principal characteristics of electrical 
generators which may be used as bases for classificatioh are (a) the nature 
of the currents produced, {b) the nature of the field magnet, {c) the form 
of armature. As well as these principal characteristics, other secondary 
ones exist, such as the nature of the moving part, the power of the 
machine, the presence or absence of iron in the armature, etc. We will 
only consider here the first class of characteristics. 

a. The natube of the otmEENTS- peodxjced. — ^Induced currents are 
always alternating by their v^ry nature ;* some machines re-reverse 
them, others make them sensibly continuous; hence three classes of 
machines may be formed, according ta the character of the currents which 
they give. 

(1) Alternating machines. — The currents produced are collected in the 
same condition as the coils produce them, and are thus reversed as often 
as 30,000 times per minute. 

(2) Re-reversed machines. — ^A commutator re-reverses the currents de- 
veloped in the armature each time that they are about to change sign. 
The current then becomes zero at each commutation. The type is the 
Siemens H armature machine. 

(3) Continuoits current machines, — ^The armatures which are split up into 

♦ Except in those machines which are very wrongly called imi-polar, which 
have not yet come into practical use ; they may be considered as practically 
oontinaoos. 
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sections are joioed to a commntator, which produces a great niunber of 
partial commutations. The strength of the current is, as it were, sinuous, 
and becomes more and more closely a straight line or steady current as 
the splitting up of the armature is greater. They may be considered as 
practically continuous. If a telephone, however, be placed between the 
terminals of the machine, it will show by its vibrations that the current 
is not altogether steady. 

b. Natube of the field maqnets. — This character allows the 
machines to be divided into two classes : 

(1) Magneto-electric machines. — The field magnet is a permanent 
magnet. 

(2) Dynamo-electric machines. — ^The field magnet is an electro-magnet. 

c. FoEM OF the aematttee. — The following forms may be dis- 
tinguished : 

(1) Hinff : Elias Pacinotti, Gramme, Schuckert, Brush, etc. 

(2) Drum : Siemens, Edison, etc. 

(3) Fole : Lontin, Niaudet, Wallace-Farmer, etc. 

(4) Disc : The ** Arago " machine, Ferranti-Thomson. 

The armature, according to its shape, is called coil, ring, drum, etc. 

Modes of excitation of dynamo-electric ma- 

cUneS* — To excite a machine is to supply it with the electrical energy 
necessary to maintain the magnetism of the field magnets. These are 
the methods employed up to the present time : 

Separate excitation. — ^The field magnets are supplied by a distinct 
current furnished by a separate machine, which is called the exciting 
machine. The exciting machine may excite many dynamos at the same 
time, which produces a certain homogeneity in their magnetic fields, and 
consequently in their production and in their power. 

Excitation in circuit. — The current produced by the machine itself 
passes through the field magnets, and keeps up their magnetism. Such 
machines are called series dynamos. 

Shunt excitation. — The field magnets are arranged as a shunt 
between the brushes. The current produced by the armature is divided 
between the external circuit and the field magnet circuit (indicated by 
Wheatstone). Such machines are called shunt dynamos. 

Double circuit excitation (indicated for the first time by Brush). — ^The 
field magnets are wound with two wires, one receiving the current &om 
a separate machine, or arranged as a shunt between the brushes ; the 
other wire being in the main circuit. Applied by M. Marcel Deprez to 
his system of distribution. This method enables the production of 
electrical energy to be made more or less proportional to the consumption 
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in the extenial circuit. A great number of such arrangement! may be 
inyented. 

Nature of tlie inacMneS«~-In normal conditions the 
working of the machine develops an e. m. f . of E, and gives out a 
current of strength C. 

As a remnant of the old mislearding nomenclature, machines are still 
sometimes divided into two classes. Tension lyiachiues, those in which 
E is very large ; and quantity machines, those in which C is very large. 
But now machines are constructed which run through the whole scale of 
e. m. fs. from a fraction of a volt up to more than 3,000 volts, and the 
whole series of current strengths from a few milliamp^res up to 
1,000 amperes and more. 

Field inagnetS«~The field magnets ought to be as powerful 
and as massive as possible, in order to keep the magnetic field constant ip 
spite of the rotation of the armature, and so as not to reach the point of 
magnetic saturation too soon. The field magnets ought to be made of as 
soft iron as possible, because its point of saturation is higher, and the 
poles ought to be as close to the armature as the design of the machine 
allows. Points and edges should be avoided. Care must be taken that 
the cast-iron bed plate of the machine does not disturb the distribution 
of the magnetic field by setting up a sort of magnetic short circuit 
between the poles. 

Armatures.— Internal iron in the armature is of advantage so far 
as it concentrates the magnetic field, but difiiculties of construction are 
found if it is to be kept fixed so as not to lose the work due to its changes 
of magnetisation when it turns with the armature, as for example in 
the granmie ring. A revolving armature ought to be of as soft iron as 
possible, and split up into plates, wires, etc. , separated by varnish, asbestos, 
paper, or thin leaves of mica so as to hinder the development of Foucault 
currents. Also, to avoid heating, abrupt changes of polarity of the 
armature should be avoided. The winding should be arranged so as to 
reduce to a minimum those parts of the wire which do not come under 
the direct and useful action of the magnetic field. Wire of the highest 
conductivity possible should be chosen. (At least 96 per cent, of con- 
ductivity.) When an armature has poles the wire ought to be wound as ' 
near these poles as possible, because it is at this point where the variations 
are most sensible. The armature ought to be easily ventilated, and the 
coils perfectly insulated with substances which are not easily melted, such 
as asbestos, mica, etc. 
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Conditions to be aimed at in tlie construction 
of a ponrerflll maclline.— The current developed in a conductor 
which is passing through a magnetic field is greater the more lines of 
force the conductor cuts through per unit of time. Consequently, to 
build a powerful machine it is necessary, first, to give the conductor a 
high velocity of translation ; secondly, to move it in an intense magnetic 
field; thirdly, to have as many turns as possible on the armature; 
fourthly, to diminish its electrical resistance as much as possible. The first 
condition is limited by mechanical considerations. In practice, 20 to 25 
metres per second is rarely exceeded for the middle i)art of the armature. 
The second condition explains the use of dynamo- electric machines, 
which give an intense magnetic field, and which for the same speed require 
fewer turns of wire on the coil than magneto-electric machines in order 
to develop the same e. m. f. It is thus possible to increase the thickness 
of the wire and diminish its length, and thus decrease the internal 
resistance of the machine. The advantage obtained more than com- 
pensates for the additional expenditure of energy in exciting the field 
magnets. The third condition shows that the number of turns of wire 
must be greater as the e. m. f. has to be greater, which forces us to 
diminish the diameter of the wire, so that it may occupy the same space. 
It is thus not because the machines have a high resistance, as is sometimes 
said, that they have a high e. m. f., but because it is impossible to put a 
large number of turns of wire into a given space without using ^ne wire, 
and thus introducing a high resistance. If high resistance were a necessary 
and sufficient condition for high e. m. f., coils might be made of German 
silver or platinum wire ; but, in practice, copper wire of the highest con- 
ductivity is always selected. The fourth condition to be fulfilled further 
justifies this choice, because Ohm*s law shows that the strength of a 
current diminishes when the total resistance of a circuit increases. 

Influence' of the thickness of the wire. — Other things being equal, the 
e. m. f. of the machine does not increase in proportion to the dimi- 
nution of the section of the wire, as some authors have considered. 
If a given machine, for example, develops 200 volts with a wire two 
millimetres in diameter, it would not necessarily develop 800 volts 
with a wire one millimetre in diameter, because the thickness of the 
insulating coating is greater in relation to the diameter of the wire as the 
wire is thinner. The second machine would thus not contain four times as 
matiy turns as the first, either on the armature or on the field magnets. 
The e. m. f . would diminish then for two reasons : because the magnetic 
field would be less intense, and the number of turns of wire on the 
armature less than the theoretical proportionality requires. Lack of 
wire in the field magnets diminishes the e. m. f . of a given machine as 
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the strength of the ciirrent given out increases. This fact is a result of 
the reciprocal reactions of the magnetic and galvanic fields. 

A magnetic field costs the less to produce, as the electro-magnets are 
of larger dimensions (Edison),' This is a consequence of the general 
laws of electro-magnets. 

Influence of speed on the urork absorbed.— With 

a constant magnetic field the work absorbed is sensibly proportional to 
the square of the speed of rotation, and the e. m. f . proportional to the 
speed, when the external circuit remains constant. In the case of series 
or shunt dynamo machines, the phenomena is much more complicated, 
because of the progressive increase of sti-ength of the field with the 
increase of the current. 

Characteristic (Marcel Deprez).— The curve given by the 
relation between the e. m. f. of a given dynamo revolving at a given 
speed and the strength of the current which it produces when the re- 
sistance of the circuit is varied. To construct the curve, the field magnets 
are separately excited for each current strength, C corresponding to an 
e. m. f . E. The current strengths are made abscisssB, and the e. m. fs. 
ordinates. 

Cabanellas has justly observed that the curve traced by this method 
is wrong in all cases in which the magnetic field is modified by the 
electric field. The curve thus obtained varies with the dimensions of the 
machine and the relation of its different parts. Generally it is more or 
less parabolic in form, and is very rarely approximately a straight line. 

Critical speed* — The speed at which on a given circuit a dynamo 
begins to give out a sensible current : a very slight decrease of speed 
practically reduces the current strength to zero, whilst a very slight 
increase in speed produces a very large increase of current strength. This 
critical speed has been made the basis of some systems of regulating 
dynamos and of governing motors. 

LiCad ol* the brushes (A. Breffuef).—lD. magneto-electric 
machines, or separately-excited dynamos acting as generators of elec- 
tricity, the angular lead of the brushes should increase with the speed 
of rotation. For series machines the brushes require but a small lead so 
long as the field magnets are not saturated ; and after saturation, espe- 
cially with weak field magnets, the lead may be as much as 70^ 

In dynamo-electric machines acting as motors, the lead should be 
against the direction of the movement of rotation. The angle of the 
lead ought to be greater as the magnetic field is weaker and the current 
stronger. These facts are consequences of the reciprocal action of the 
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magnetic and galvanic fields of the field magnets and the armature. 
The lead necessary for any given set of circiunstances and the change of 
lead necessary on their variation vary very much with different types of 
dynamos, some requiring much more change than others. It is, however, 
well always to have some simple means of changing the lead whilst the 
machine is running, and to shift the lead whenever much sparking is 
observed at the brushes until the sparking is reduced to a minimum. 

Action of the iron ring^ in Oramme machines 

(A. Breguet), — (1) The retardation of magnetisation and demagnetisation 
makes it necessary to give the brushes a lead in the direction of the 
rotation of not more than 10° for the highest speeds. 

(2) The presence of the ring increases the intensity of the field and 
reduces its distortion, and consequently the lead of the brushes. 

The soft iron armature of the Gramme machine reinforces the magnetic 
field in the part in which the wires of the movable circuit move, and 
protects the internal parts of the coils from the normal action of the 
lines of force of the field by acting as a magnetic screen. 

Size of ivire for dynamo-electric machines.— In 

the Gramme machines built by Sautter and Lemonnier the following 
proportions are used : 



DETAILS. 


TYPES. 














M. 


AG. 


CT. 


CQ. 


DQ. 


Armature. 












Diameter of wire in millimHres 
Strength of current given out 
Strengrth of current passing through the 

wire 

Section in square millimetres . 
Current strength per square millimetre 


1-2 
13-5 

675 
1-13 
6 


1-8 
24-5 

12-25 
254 

4-8 


2-8 
48 

24 
6-16 
3-9 


3-65 
65- 

32-5 

10-46 
3-1 


4-3 
70 

35 

14-52 
2-4 


FUld MagneU. 












Diameter of wire 

Section in square millimetres 

Strength of current 

Strength of current per square milU- 
mdtre 


1-8 

254 

675 

2*6 


8-4 
9-03 
12*25 

1-3 


8-4 

9-08 
48 

6-3 


3-4 
9-08 
65 

7-2 


8-8 
11-34 
17-5 

1-6 



In the case of the armature the law is very dear, so many fewer 
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amperes per square xniUimetre of section must be passed as the wire be- 
comes larger, because with large wire the cooling is slower. For field 
magnets the figures vary much with the method of connection. 

Maintenance of the brushes and commutators. 

— The brushes should press moderately on the conmiutators, and their 
lead be so arranged as to give the least sparking ; that is to say, contact 
of the brush with the armature should be opposite the neutral point. 
The brushes should be pushed forward slightly as they wear. 

If some of the wires get fused together by spai^, they must be care- 
fully separated. If the wires become detached and turned up, they must 
be bent into their proper shape with a pair of flat-jawed pincers. They 
should be cleaned with alcohol from time to time. The commutators 
may be lubricated with a piece of rag very slightly moistened with oil ; 
but care must be taken that not too mudi oil be applied. Sometimes 
they are rubbed with mercury, but this is a very bad practice. The 
brushes should be smoothed from time to time by rubbing them with 
emery-pai)er. Never break the circuit by throwing off the brushes when 
the machine is running. The machine ought always to pull on the 
brushes ; that is the simple practical way of determining which way the 
machine ought to turn. 

Best urorkingr conditions for maciilnes.— There is 

not space to give here a description of all the different magneto and 
dynamo-electric machines which are now used in practice ; we can only 
point out the best conditions of working of those most in use, or, at 
least, of those of which we have been able to collect the elements, but 
throwing the whole responsibility of the figures themselves on to the in- 
ventors or experimenters. The reader will rather find here useful infor- 
mation on the mean conditions of working, than on the relative value of 
different machines. Machines having been, up to the present time, for 
the most part specially constructed for electric lighting, a good deal of 
information on dynamos will be found in that part of tiie present work 
which deals with that subject. 

CONTIinJOUS OTTBBENT HAOHINES. 

A Oramme machine (Srepuefs construction). — Series 
dynamo: 

Besistanoe of the ring cold , . . '47 ohm. 

,« M field magnets coll . . *37 „ 

Total resistiuioe cold 1*14 „ 

hot .... . 1-2 „ 
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Normal speed 900 rers. per minute. 

Strength of onrrent 25 to 30 amperes. 

Electromotive force 80 rolts. 

Difference of potential at terminals . . 55 rdlts. 
Field magnets saturated at ... 18 ampdres. 

BEeinricli's machine* — ^U-shaped G^ramme-ring dynamo. 
Experiments made on the type for 3 lamps in drcmt (arc ; carbons 13 mm. 
in diameter) gave the following results {Kempe, Pteeee, and Stroh) : 

Total reasiance of machine .... 1*83 ohms. 

Resistance of ring "85 „ 

Electromotive force 130 to 150 volts. 

Strength of current 83 to 38 amperes. 

Revolutions per minute 850 

Mean diameter of ring . . . 20 centimetres. 

Against carbon resistances the same machine gave the following 
results: 



NunsR 

OF 
RXTOLUTIOHS. 


extsbval 
Resistabci. 


SiBXireTH 

OF 

CvuBxirT. 


El.ICTBOMOTiyB 
FOECB. 


WOBKIN 
HOBSB-POWBR 

(Cau;uijitbd). 


7C0 
800 
900 
9(K) 
1000 


2*1 
2-6 
4-3 
7-3 
7-3 


86*4 
837 
26*3 
J57 
177 


143-3 

149*3 

160 

143-3 

161-6 


' 7 
6-5 
5-5 
8 
4 



Oillclier macbine*— Six-lamp machine, feeding six aio lamps 
in parallel arc at speed of 640 revolutions ; field magnets in the circuit : 



Resistance of field magnets 

„ ring . . . . 

Total resistance • . . . 

Difference of potential at terminals 

,, „ at brushes 

Total stroigth of oorrent . . 



Hot after 
Cold running some hours. 
(16» C.) (81« C.) 

*126 ohm. *129 ohm. 

•183 „ 'lae „ 

•269 „ -265 „ 

60 Tolts. 
. . 70-22 „ 

80 amperes. 
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Work absorbed by generator . 

,, „ external circuit . 

„ „ friction 

Total work absorbed . . . . 



Hot after 

running some hours. 

(SPC.) 

2*86 horse-power. 

7-13 

10'40 



The machine converts 68*2 per cent, of the work put into it into elec- 
trical energy available in the external drcnit, and produces 76 carcels per 
horse-power at an angle of about 35° {Quicker). 



SCHUCKEET MACHINE (¥. Uppanbom). 



Nami of Type. 


Steinoth of 
cuebekt in 

AMPiRES. 


Volts at 

TERMIirALS. 


numbkb of 

Turns per 

Minute. 


Work 
Absorbed in 
Horse- 
power. 


MONOPHOTB. 










E4 . . . 


7 


50 


1,300 


1 


ELi . . . 


20 


50 


1,100 


2 


EL2 . . . 


36 


50 


1,000 




ELs . . . 


50 


50 


950 


5-5 


POLTFHOTS AND 










TSAJTSMISSlOa OF 










POWSB. 










TLi 2 lamps 


8 


100 


1,200 


2 


TLa 8 „ . . 


8 


150 


1,150 


3 


Sri :: : : 


8 
8 


200 
300 


1,100 
1,000 


4, 
5-5 


TL4 9 „ . . 


8 


450 


950 


8 


TL«M „ . . 


8 


750 


930 


12 


ISGAVDESCnrT 










(eoTApound-di^iMmof) 










JI*} 51amp8 . 


8-e 


110 


1.500 


1 


JLi 12 „ 


86 


110 


1,800 


2 


JlJ 18 


13 


110 


1,200 


8 


JLja25 


18 


UO 


1.100 


4'8 


JLt 35 „ 


25-2 


110 


1,000 


6 


JLi 60 , 


86 


110 


900 


8*5 


JLe 72 „ 


52 


no 


760 


12 


JlJ 40 „ 


288 


no 


500 


60 
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Schuckert electroplatings machines*— l^e nickel- 

plating machines (ahunt dynamos) give 4 volts at the terminals, and from 
90 to 1,400 amperes, absorbing from 1 to 12 horse-power. The copper- 
plating machines give 2 Tolts at the terminals, and from 200 to 2,800 
amperes absorbing the same power. The 200-amp^re machine deposits 
225 gr. of nickel per hour on a surface of 2*5 sq. metres. The 200 ampere 
copper-plating machine deposits 816 gr. of copper per hour on a surface 
of 83 sq. decimetres, by arranging four baths in series. 



SIEMENS MACHINES (1883). 



Type oi- 
Machjnb. 



(1) 



SD5 

SD7 

SD7 

SD2 

SB2 

SDl 

SDl 

D8D0O 

Bl . 

W8. 

D5 . 

W6. 

D6 . 

W2. 

D6 . 

Wl. 

D7 . 

W6. 

D7 . 

WO. 

D2 . 



1 

hi 

Ir 



(2) 



12 
25x2 

40 
30x2 

60 

60x2 

50x3 

150x2 

400 



90 
120 
200 
400 
500 



NuifBER or 
Watts. 



P 



(3) 



12 
308 
328 
536 
526 
803 
615 

2,080 

1,654 
198 
97 
885 
121 
630 
107 

1,357 
no 

1,034 
117 

1,357 
177 



(4) 



248 

370 

233 

319 

326 

532 

1,200 

2,562 

2,665 

456 

148 

595 

220 

638 

194 

1,257 

94 

1,496 

ICO 

2,375 

206 



(5) 



796 
3,316 
2,653 
3.980 
3,980 
7,959 
9,949 
19,890 
26,582 
8,979 

5,969 

7,959 

13,266 

24,^ 

33,165 



n 
If 

II 



(6) 



1,164 

3,994 

3,214 

4,835 

4,832 

9,294 

11,764 

24.582 

30,851 

4368 

7,240 

9,523 

16,084 

26,777 

37,460 



85 

84-5 

91-7 

86 

81-7 



83-5 
ffi7 



(8) 




19-5 

51-25 

64 

119 

118-5 

264 

274 

389 

368 

108 

141 



227 
384 



41 

64 

41 

334 

33-5 

801 

87-7 

51 

72 

885 

425 

49 

56 

106 

86-5 



(10) 



95 
13-75 
10-75 

925 

9-5 
10-25 
13 

1075 
13-75 
18*25 

775 
20-5 

8-15 
22 

9-25 
24 

1075 
28-9 
1115 
32-5 

9-5 
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Continuous current Siemens machines.— Noimal 

working conditions : 





NuMBBR or 






TlPB. 


BXVOLUTIONS PEB 
MlBUTB. 


VOLTB. 


AxpiKXS. 


DO 


750 


95 


106 


D» 


450 


84 


70 


D» 


1200 


50 


22 


D« 


1100 


67 


20 


D7A 


1250 


129 


20 


D7B 


1000 


62 


87 


D«A 


800 


886 


8-8 


D«B 


1000 


224 


20 


D»C 


«:o 


78 


37 



EtIiSOn macbine* — Continuous current shunt machine, giving 
110 Yolts at the terminals and current strength proportional to the 
number of A lamps arranged in parallel arc. They are built at Paris 
(1882) of the following types : 
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S 




n 
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1 

3 


H 

i, 

o 

g 


& 
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II 

si 
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E 


15 


108*84 


22675 


335*5 


76*2 


127 


2200 


*36 


90 


3 


Z 


60 


136*05 


859*38 


1283 


152*4 


254 


1200 


*138 


88 


10 


L 


150 


226*75 


1673*41 


2580 


228*6 


355 


900 


•071 


19 


177 


K 


250 


817*45 


2428*49 


3814 


^ 




900 


•032 


IS 


34*4 


C 


1200 


6031*55 


13151 


28707 


— 


— 


350 


*0038 


25 


123 



Edison machine (1881).— Type for 1,000 lamps of 16 candle- 
power, or A lamps. 

Armature, — 108 bars of copper, 2,000 iron discs forming the core : 
diameter, 71 centimetres ; length, 1*5 mitres; surface velocity, 11*3 metres 
per second ; resistance of the armature, '0005 ohm. 

^ield Magneti," 12 "ban of iron 2*4 mitres long, and 12 coils in two 
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pandlel drcuits, of which the resistance is 21 ohms, arranged as a shunt 
between the brashes. The driying engine is 128 horse-power nominal. 

Edison-Hopkinson machine, 1883.— The field magnets 
are shortened and the relative dimensions of the parts changed. The 
two field, magnets joined up in series have a resistance of 35*5 ohms cold, 
and 37 ohms hot. The resistance of the armature is *026 ohm cold, 
and *032d ohm hot ; its diameter is 22*5 cm. without the wire, and.26'3 
cm. with the wire; the mean length of the armature is 108 centimetres. 
The following table shows the principal results obtained hj Mr. Sprague 
in thre& experiments on this machine. The coef&cient of transformation 
is the relation between the work absorbed and the work transformed into 
electrical energy. The commercial efB.cienc7 is the relation between the 
work absorbed and the electrical energy available in the external circuit. 
The machine can supply about 10 B lamps per horse-power absorbed. 



Pakticolass. 



Number of rerolutloiis per minate 
Number of B Edison li^ps supplied 

Strength of current in amperes : 
lathe field magnets . 
In the armature . 

Total .... 



Electromotiye force in volts . 
Difference of potential at terminals 

Electrioal energy in horse-power : 
In the field magnets . 
In the armature . 
In the lamps . 
Total . 



Work absorbed . 
Total work furnished 
Coeificient of transformation 
Commercial efficiency 



1,081 
199 



112-6 
115*24 



103 
90-8 



-36 

•68 

U97 

15*91 

16-63 
17*34 
95-7 
85 



1,157 
199 



2*92 
1^3-1 
126 

112*1 
106 



•69 
17-81 
18*92 

20*12 
20*88 
94 
85 



1,179 



2*95 
144*6 
147*6 

114*1 

ioa-3 



•48 

*»5 

21*18 

22*56 

23*79 
24*56 
94*8 



Bdrgin machine* — 48 coils of wire, each wire 48 feet long, 
covered with cotton, *065 inch in diameter. Internal resistance from 
brush to brush, 1*6 ohms. Field magnet: 1*2 ohms, wire '141 inch in 
diameter. At 1,500 revolutions the e. m. f. is 195 volts. The velocity of 
the mean drde is 2,550 feet per minute. 

Q 
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16 Shukts 


15 Sbunta 


20 Shunts 


DETAILS. 


OF 3 Lamps 


OF 2 Lamps 


OF ONE Single 




IN Sebiks. 


IN SlSBISS. 


Lamp. 


Speed 

Electromotivef orce (volts) 


1540 to 1560 


1260 to 1275 


1290 to 1340 


186 


135 


138 


Strength of current (amp. ) 
Engine power (from dia- 


15 


13*26 


20*21 








gram) .... 


5-05 


4*05 


5*22 


Work expended in h.p. . 


8-67 


2-67 


3*84 


Electrical energy pro- 








duced in h.p. . 


3-3 


2*4 


37 


Internal work (per cent.) . 


23 


28 


42 


Loss in conductors . 


16 


19 


29 


Energy utilised in the 








lamps .... 


60 


52 


29 


Total work in external 








circuit .... 


76 


69 


58 


Number of lamps per h.p. 


18-1 


11*3 


5*2 



Brash 16-lig^ht machine (arc lights).— (1879, Brush,) 

Mean speed in revolutions per minute . . . 770 

Electromotive force 839 volts. 

Strength of current given out .... 10*04 ampdres. 

Besistance of machine from terminal to terminal 10*55 ohms. 

„ external circuit .... 72*96 „ 

Total resistance 83*51 „ 

Total work expended 15*46 h.p. 

Work utilised hy the machine .... 1378 „ 

Electrical energy produced ..... 11*2$ „ 

87 per cent, of the total electrical energy produced by the ina.cbme 
appears in the external circuit; the machine transforms 81*89 per cent, of 
the energy which it absorbs into electrical energy. The lamps work with a 
difference of potential at their terminals of 46 volts. The shunt-regula- 
ting magnet absorbs about j^ of the current. (The diameter of the 

carbons and the candle-power of the lights has not been given by the 
experimenters.) 

Elpliinstone-Tinceiit machine (1882).— Armature with- 
out iron. Besistance of armature, '0374 ohm. The field magnets form 
two separate circuits of 8*5 ohms each. They are always arranged so as 
to make the machine a shunt dynamo, and are grouped either parallel 
(E. = 4*26 ohms), or in series (B = 17 ohms) by turning a commutator. 
At 868 revolutions, field magnets parallel (B = 4*26) on an external 
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resistance of *4 ohm, the machine gave a current of 180 amperes and 
72 volts at the terminals. At 855 revolutions it fed 144 shunts of two 
Swan 20-candle lamps in series each (Czz 1*32 amperes). With the field 
magnets in series (B = 17 ohms), and at a speed of 1,050 revolutions, it 
fed 152 Swan lamps in 76 shunts of two lamps in series each. 
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Ferranti-Thomson machine (1882) (PAi/;ti7«).—Alter- 

nating currents, revolving armature without iron, rotating at 1,900 
revolutions. 

Resistance of field magnets ... 2*5 ohms. 

„ of exoitmg machine . . *5 „ 

Total resistance of exciting machine 

circuit 8 „ 

Exciting onrrent 22*5 amperes. 

Strength of useful current . . . 156 „ 

Total electromotive force . . . 125 volts. 

Resistance of armature .... '0265 ohm. 

External resistance '7735 „ 

Total *8 „ 

Total electrical energy given out by the 

machine 1947 kgm. per second. 

Electrical energy expended in excitin 

the field magnets ..... 152 „ , 

Total electrical energy .... 20992 „ , 

Electrical energy available in the ex- 
ternal circuit 1874 „ „ 

Electrical efficiency *89 (89 per cent.). 

The total weight of the machine is 550 kilogrammes ; it feeds 300 Swan 
lamps, each requiring 41 volts between teiminals, and a current of 1*3 
amperes, arranged in 100 shunts of three lamps in series. 

Alternating^ current Siemens maciiine.— At the 

normal speeds of working, and with suitable exciting circuits, each coil 
can develop an e. m. f . of 50 volts and give a current of 12 amperes. The 
power of each machine depends on the number of coils ; and the character 
of the current given out, on the way in which they are grouped, whether 
in one or several circuits, parallel, or in series, etc. 

The W* Siemens machine feeding 12 arc lamps arranged in three 
eircuits of four lamps in series, gave the following results to ^e Com* 
mission at the Paris Electrical Exhibition in 1881 : 
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Oeneratmg Excitmg' 

machine. maohlne. 

Nomber of roTOlntioiui pear minute . . 620 1230 

Work expended in cheyanz de vapeur . 1879 2*6 

Strength of current in amp^es . . . 12*8 16 

Diameter of wire on field magnets in mm. 8*5 8*5 

,, „ armature „ 2*5 2 
Fall of potential in the arcs ... 55 volts. 

Electrical work in the arcs 11*81 chevanx-yapeor = 11 h.p. 

Total electrical work . . 15*26 „ „ = 15 h.p. 

The macluxie transforms 93 per cent, of the mechanical work put into 
it into electrical energy, and there appears as ayailable electrical work in 
the external circuit, 69 per cent, of the mechanical work expended, and 
74 per cent, of the total electrical energy produced. With carbons 10 mm. 
in diameter, each lamp gives 39 carcels (mean spherical intensiiy) or 33 
carcels per mechanical h.p., or 41*4 carcels per electrical h.p., and 33 
carcels per ampere. 

M^rltens' machine (1880).— A magneto machine with five 
discs and sixteen coils on each disc. Each disc feeds one Berjot lamp 
with 20 mm. carbons. The sixteen ooila are grouped in four groups 
parallel, each group consisting of four coils in series. 



RESULTS OF THE OOlOaSSIOir AT THE PABIS EXHIBITION OF 1881. 

Number of revolutions per minute . . 871 

Total work pat in. ..... 12*28 chevaaz-vapeur, 

= 12 h.p. 
„ „ on open circuit . . 4*55 chevauz> vapeur, 

= 4*47h.p. 
Total work in the arcs .... 8*4 chevaox-vapeur, 

= 8*26 h.p. 
Besistance of each disc .... *18ohm. 

Strength of current 35*8 amperes. 

Difference of potential at terminals of 
each lamp , , 36 volts. 

The machine transforms 85 per cent, of the mechanical work put into 
it into electrical energy, and gives 68 per cent, of the work expended in 
available electrical energy in the external circuit. It works five lamps 
with a mean spherical luminous intensity of 150 carcels each, or 60 carcels 
■pet horse-power of electrical energy or arc horse-power, and 3*5 carcels 
per ampere. 
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measurement of enrrent streiii^tli and electro- 
motive force of alternating^ enrrent machines*-^ 

The most elegant and most accurate mode of determining the working 
conditions of alternating enrrent machines is by using Mascart's quad- 
rant electrometer, by an idiostatic method due to Jouhert (1880). 

Let A be the potential of one pair of quadrants, B the potential of the 
other pair ; let the needle be joined to the A pair of quadrants : then, if 
d be the deflection and k a constant depending on the instrument and 
the adjustment of the bifilar suspension, the general formula gives, 

rf= I (A-B)«. 

Determination of the constant Jfe.— Each pair of quadrants is connected 
to one of the poles of a well-insulated battery of n elements in series, 
each element having a known e. m. f . e (say Daniell cells) ; the deflection 
is noted, and from it is deduced, 

If e be expressed in volts, the Instrument gives (A — B) in volts and C in 
amperes. 

Determination of current strength, — ^A known resistance E (in ohm?), 
so arranged as not to be liable to self-induction (straight wire, carbon 
rods, or doubled and coiled wire) is introduced into the circuit, and the 
two pairs of quadrants are joined to the two ends of this resistance, 
acquire their potentials and deflect the needle through d ; then, 

d= |(A-B)». 

A and B being the potentials at the ends of the resistance B, applying 
Ohm's law we get for the current strength c. 



Let _ 

The formula now becomes, 

c=^^ 
k 

The deflection is independent of the sign of the difference of potential. 
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With altematmg currents the period of which is very small compared 
with the period of oscillation of the needle, the needle being always 
solicited in one direction takes up a fixed deflection proportional to the 
mean of the successiye values of the square (A — B). This method there- 
fore gives the mean current strength, which is what would be given by 
the electro-dynamometer or a calorimetric method. 

Determination of the difference of potential at the terminals of the 
machine, or at the terminals of a lamp or other apparatus using the 
current, — ^The instrument again gives the mean value of the difference of 
potential (A — B) between different points of the circuit. Let d' be the 
deflection obtained when the quadrants are joined to two given points, 
the formula becomes, 



(A-B)=^- 



The electrometer is the only known instrument which enables the 
mean difference of potential between two points of a circuit traversed by 
an alternating current to be f oxmd directly. 

Dettrminaiion of the energy absorbed. — The current strength C is 
measured in amperes, and the difference of potential E between the two 
given points of the circuit is measured in volts. Then for the energy 
W consumed, we have 

CE 
W == -r— - kgm. per second =: CE X 1 *35 foot-lbs. per second. 

If <i be the deflection of the electrometer connected to the two ends of 
the known resistance B, and d^ be the deflection between the two ends of 
the consuming part of the circuit, we get, 

W = — ^ VM kgm. per sec. — l'35a8^/^^ foot-lbs. per second. 

Jovhert remarks that in the case of alternating currents the foregoing 
equations give the value of the expression, 

-^ V7(A-B) m X/(A'-BO^ tf^ 

t being any time large in comparison with the period of alternation, but 
that the true expression for the work is, 

W=^^/(A-B)(A'-B')<«. 
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In practice these two integrals do not differ sensibly from each other. 
The following is a method due to Fotier (1881), which gives the exact 
value of the work, though only requiring two experiments. 

Direct mecuurement of the work expended between two given points of a 
circuit. — Let A and B be the potentials at the two ends of a known re- 
sistance B, free from self-induction, interposed in the circuit A' and B', 
the potentials at the two points between which the expenditure of energy 
is to be measured. • 

The needle is insulated from the quadrants, and they are connected 9hjti 
A and B. The needle is then connected to Af, and the deflection d note<£|| 
The general formula of the electrometer gives, ^ gj 

. = *<.-B,(.--i±-B). W 

The needle is then connected to B' and the deflection d^ noted : then,^ 
*=»(i-B)(B--4±S). -<P 



^ 



whence 

(?' = Ar(A — B)(A' — B'); 
or 4? 

d — d'zizh ECE = A:BW ; 



d—d' 
W = 



hB. 






a is determined by Joubert^s method with a battery of n elements. 
B is measured in ohms, and the formula gives 

This method is rigorously accurate, and may be applied either to mere 
resistance, or to lamps, motors, etc. 



ELiECTROMOTORS. 

Every machine which transforms electrical energy into mechanical 
work is an electromotor. Telegraphs, electric clocks, etc., are in principle 
electromotors, but this name is only applied to apparatus which effects 
the transformation continuously so as to produce constant useful mechani- 
cal work. ., ^-*^^ . , 
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Every mechanical generator of electridty can be used as a motor, as 
they are reversible ; but in practice only continuous currents are used. 

Pole reTersingC motors. — ^They are more economical than 
"continuous current motors, especially for small power, on account of 
their simplicity and relative cheapness. There are a great number of 
different patterns, but in all is to be found a Siemens H armature 
revolving in a magnetic field produced by a permanent or electro- 
magnet. The best known are those of Marcel Beprez^ Trouvi, Griscom, 
Claris Battdet, Mercier, etc. The reversal of polarity of the armature 
takes place twice in each revolution, so that it is advantageous to reduce 
. the magnetic inertia by reducing the dimensions of the armature as much 
as possible ; for this reason, as M. Marcel Beprez has pointed out, the 
efB.ciency of motors with small armatures is far higher than that of 
the obsolete machines of Froment, Page, Larmenjeat, etc., in which the 
reversal or successive magnetisation and demagnetisation went on in large 
magnetic masses. In some recent types there is no iron in the movable 
or fixed parts in which the current is reversed. As yet we have no 
information as to results obtained from these little motors, amongst which 
are those of BUrgin (1881), and Jablo€hkof(lSS2). 

Continuous current motors.— When any considerable 
power has to be produced continuous current machines are used. Gramme 
and Siemens machines are most used, their details, and the thickness of 
wire with which they are wound being modified to suit the currents with 
which they are to be fed. 

electrical eneriy absorbed by a motor.— W. is 

proportional to the product of the strength of the current x>assing through 
it by the difference of potential at its terminals : 

CE 

"^« == TT^ "^^^ff^ V^ seccmd, 
9'ol 

CE 
or W =z T-rr foot-pounds per second, 
1*35 

CE 
or, W, = — h.p. per second. 

Electrical urork produced by a motor is propor- 
tional to the product of the strength of the current passing through it by 
the back electromotive force E' produced by the motor. 
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- liOss liy heatingr of the i¥ires due to tlte 
current is equal to the difference between the electrical ener^ 
which it absorbs and the electrical work which it does. When the 
internal resistance of the motor, a;nd the strength of the current passing 
through it Bre known, 

Heating due to current passing ^ -r-— - kgm. per second, 

== — — , foot-pounds per second, 
I'oO 

= „^„ h. p. per second. 
/4o 

Mechanical urork g;! ven out by a motor is always 
less than the electrical work. 

Deprez motor (1879). — ^A Siemens H armature revolying 
l>etween the arms of a U-shaped permanent magnet. 

lyArsonvaVa tests. — Armature 35 mm. long, 30 mm. diameter ; wire 
I mm. in diameter ; weight of magnet, 1,700 grammes. 

NUMBBB OF BUNSBH CSLLB 

Bevolntions per minute . 
Work per minate in }LgmB. . 
Current strength C . 
Difference of potential at termi- 

nals E 

Work per gramme of zinc in kgms. 

The combustion of one gramme of zinc in the battery produces 1*2 
calories (kg.-d.), or 510 kgms. The motor transforms about 26 per cent, 
of the heat energy produced by the chemical actions in the battery, into 
mechanical work. 

Trouv6*S motor. — Siemens armature, with slightly excentric 
faces ; field magnet in the main circuit. 

One armature type. — ^Weight 3,300 grammes. Work at the break 
3*75 kgm. G = 20 amperes, with 6 bichromate cells in series. 

With six Bunsen cells in series the motor uses 24 grammes of zinc pe 
hour per cell, or 144 grammes for the whole battery. The work pro- 
duced is 13,500 kgms. per hour. 

Work produced per gramme of zinc consumed, 93 kgms. 

- Chramme machine ^irith permanent ma§:net9.— - 

Laboratory type {d'Arsonval), Hie original magnet, being too weak, was 



4 


5 


6 


140 


205 


— 


35 


51 


60 


4-1 


4-41 


6 


79 


136 


180 


107 


134 


100 
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replaced by an Alliance compound magnet The following are the results 
of the two moBt characteristic experiments : 

KuMBBB OF BmrsxH Cblls . . 4 6 

Work per minute in kgms 00 100 

Strength of current C 8*3 8*4 

Difference of potential at terminals £. . 4*05 7*5 
Electrical energy put into the motor per 

second 1*08 2*S0 

Efficiency of motor *01 *04 

Work produced per gramme of sine con- 
sumed 225 250 

Fifty per cent, of the heat energy deyeloped in the battery appears as 
mechanical work. A gramme machine of larger dimensions with 8 
Bunsen cells, 12 volts at the terminals, and a current of 1*72 amperes, 
gave 92 kgms. of useful work per minute, and as much as 368 kgms. per 
gramme of zinc consumed, or 73 per cent, of the total heat energy. The 
motor transformed 75 per cent, of the energy actually put into it at the 
terminals into mechanical work. 

Motor i¥orl£ed by a battery.— Practical method of settmg 
up a motor and battery so as to get the maximum work. Fix the 
motor so that it cannot turn, measure the strength of the current. Let 
the motor run, and increase its speed until the current is reduced to half 
the original strength; that speed gives the ma,ximum work, and the 
ef&ciency (theoretical) is 60 per cent. ; if the motor goes faster the 
efficiency becomes greater, but the work produced in imit of time becomes 
less. For the same quantity of work produced per second at different 
speeds the highest speed gives the best electrical efficiency. This is 
generally true within certain limits, but in many motors, and probably in 
all after a certain speed, the loss due to a complex group of phenomena^ 
which is generally called ^^ magnetic friction '' (which includes Foucault 
currents, self-induction, and other phenomena) tends to diminiflh the 
efficiency. 

Oramme and Siemens motors.— The efficiency of 
electromotors diminishes with the quantity of work which they are caused 
to produce per imit of time. This result was obtained by experiments 
made at Grenoble, in 1883, by a Commission appointed to examine 
Marcel Deprez apparatus. A glance at the table below at once shows 
that these motors were working with current strengths and electromotive 
forces far below those which correspond to their normal use. 



TRANSMISSION OP ENERGY. 



261 



Fiye macliines (two Gramme and three Siemens) worked at a constant 
pressure of 39 volts under the following conditions : 





GSAKKB MjlCHnrES. 


SlBKBNS MACHUTBS. | 


DETAILS 














1 


2 


1 


2 


8 


Internal resistance in 












ohms 


1-25 


109 


•622 


1307 


•615 


Current strength in 












amperes . 


9-7 


11-3 


18 


19 


19-3 


Eleatrical energy put 












in in kgm. per seo. . 


88 


41 


70 


74 


75-5 


Mechanical work 












taken out 


18 


19-5 


40 


39 


353 


Efficiency . 


•47 


•44 


•57 


•53 


•6 



Ayrton and Perry's motors (1883).— Consist of a Siemens 
armature, acting as a field magnet (t.^. having the current in it never 
reversed), rotating inside a Paccinotti ring. The small type, intended to 
give about 3 horse-power (22 to 25 kilogramm^tres per second, or 166 
foot-pounds per second), is made in three types of about the same 
weight, 35 pounds or 16 kilogrammes, to work with differences of 
potential at the terminals of from 25*5 to 100 volts. The following are 
the details of some tests : 





25-VOLT 


SO-VOLT 


100-VOLT 




Typ«. 


Type. 


TxPi. 


Revolutions per minute 

Difference ofpotential at terminals in 


1,800 


2,000 


2,100 








volts 


23 


48 


98 


Current in amperes .... 
Available work in horsepower . 


25 


14-2 


61 


•3 


•83 


•85 


Efficiency 


•39 


•86 


•38 



E^UECTRICAJL TRANSMISSION OF £NEROT. 

Based on the principle of reversibility. The current produced by the 
generator works the receiver or motor. 
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Theoretical ease.— Let 

E be the electromotiye force of the generator (yolts) ; 

E' the back electromotiye force of the motor (yolts) ; 

the strength of the current (amperes) ; 

B the internal resistance of the generator (ohms) ; 

B' the internal resistance of the motor (ohms) ; 

B'' the resistance of the line (ohms) ; 

When the insulation of the line is perfect, 



E+K' + R" 

let W be the work expended by the generator (transformed into electrical 
Allergy) I 

CE CE 

W = -T-— kgms. per second := — - h.p. 
9-81 ^ ^ 746 *^ 

^-rr^ foot-pounds per second, 

Xet W be the electrical work produced by the motor, 

CE' CE' 

'W'= —kgms. per second = — h.p. 

_CE' 

— --r^ foot-pounds per second, 
l*oo 

Let W" be the electrical energy expended in heating the circuit (machines 
and line) : 

x^>._ C«(B+B'-fB'0 ^ _ C»(B+B'+B" , 

9^81 ^^' ^^ ^^ ~ 746 ^^' 

_ C^(B + B'+B") , ^ 

' ., ' ' foot-pounds per second. 

l*3o 

W_E' 
Ulectrieal efficiency = ^ — =- • 
W E 

Or the efficiency is independent of the resistance, and hence of the 



TRANSMISSION Of ENERGY. 253 

distance to which the energy is transmitted when the line is perfectly 
insulated. 

Maximum work of the motor, — ^The work produced being proportional 
to C E' follows the variations of these two factors. Other things being 
the same, it diminishes when B'' increases, that is to say, it diminishes as 
the distance increases. The distance affects the work produced, but not 
the efficiency. The work produced is a maximum when 

E 

E' = -. 

The electrical efficiency being 50 per cent. 

As E' increases, the efficiency increases from '5 to 1, but the work 
produced diminishes ; in the limit when E' = E the efficiency becomes 
1 or 100 per cent., and the work produced ^ 0. 

As the work produced diminishes as the whole resistance of the 
circuit increases, in order to transmit the same quantity of work at the 
same theoretical efficacy, it is necessary to increase the e. m. f . both of 
the generator and motor, and to diminish the current as the distcuice 
increases. The three equations which give W, W, and W" enable the 
theoretical values of C, E, and E' to be calculated, when the work to be 
transmitted, the work to be expended, and the loss which can be allowed 
by heating of the circuit are known, the resistance of the line being 
determined by the distance and by practical considerations of the cost o£ 
erection. 

Theoretical limit of the work transmitted hy 
a line of given resistance.— Theoretically an infinite quan- 
tity of work can be transmitted by a line of any length by using suffi- 
ciently high electromotive forces. In practice a limit is soon reached, on 
account of the danger of high electromotive forces and the loss by 
leakage, which increases very rapidly as the electromotive force goes up. 
If, for example, we have the conditions that the e. m. 1 of the generator 
is not to exceed 3,000 volts, and the loss by heating of the line to be 20 
per cent, of the work expended, it is easy to calculate the theoretical 
limit of the work transmitted, tiie current strength, and the work re- 
covered by taking, say, a final efficiency of 50 per cent. ; the results are 
given in the following table : 

Theoretical limit of transmission of power. — (E = 3,000 volts, heating 
of the line, 20 per cent, of the work expended by the generator.. Loss 
by leakage ^0.) 
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BeBietanoe 

of the line 

in ohms. 


strength of 
the current 
in amperes. 


Maximum work 
transformed into 
electrical energy 
by the generator 
in horse-power. 


Work recoTered 
at the motor in 
horse-power for 
an efficiency of 
50 per cent, in 
horse-power. 


Loss of 
energy by re- 
sistance of 
the line in 
horse-power. 


5 

10 
20 
50 
100 
200 
600 
1,000 


120 

60 

30 

12 

6 

3 

1-2 
•6 


473-3 

236-6 

118-3 

47-3 

28-6 

11-8 

4-7 

2-35 


236-6 

118-3 

59-1 

23-6 

11-8 

6-9 

2-36 

1-18 


94-7 

47-3 

23-6 

9-5 

4-75 

237 

•95 

•47 



Practical case* — ^In practice the work put in is always greater, 
and the work taken out less, than the values given by the f ormulse, on 
account of friction, secondary actions, leakage losses, etc. ; so the f ormulsB 
will have eventually to be modified by affecting them by practical co- 
efficients, which are as yet for the most part unknown. It is by no means 
surprising that direct measurements differ widely from the results given 
by calculation. 



Efficiency. — ^There is no word with such divers meanings as 
efficiency as applied unqualified to electrical work. Its exact mechanical 
meaning is: The ratio of the work taken out of a machine to the toorkpui 
into it. But in electrical nomenclature, on account of the number and 
variety of effects which a current can produce, it has many meanings. 
To avoid confusion, the word efficiency ought always to be accompanied 
by some name or adjective which exactly defines its particular meaning 
in the place where it is used. 

Electrical efficiency of a generator.— ^he ratio of the total electrical 
energy given out to the mechanical work put in ; that is to say, between 
the whole work converted into electrical energy and the whole work 
put in. 

Available electrical energy. — ^Eatio of the electrical energy at the 
terminals available in the erfcemal circuit to the whole mechanical work 
put in. 

Mechanical efficiency of a motor. — Batio of the mechanical work taken 
out, measured at the break, to the electrical work at the terminals. 

Electrical efficienci/ of a system of transmission of power. — ^Batio of the 
electrical work transformed into mechanical work by the motor to the 
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mechanical work transfonned into electrical work by the generator. 

— ._ E' 

When there is no loss by leakage, the electrical efficiency is ^, 

Mechanical or commercial efficiency of a system, — Batio of the mechanical 
work done by the motor, measured at the break, to the mechanical work 
put into the generator measured at the dynamometer. This kind of 
ef&dency is what ought to be meant when efficiency is spoken of without 
any qualifying epithet. 

Increase of resistance of the amiatiire due to 
self-induction* — Applicable both to motors and dynamos {Ayrton 
and Ferry). If L be the coefficient of self-induction of the coil, C the 
current passing, and n the number of revolutions per minute, then the 
loss of energy per second is 

irwLC' 
120 ' 

which corresponds to an increase in the resistance of the armature 

equal to 

irnL , 

ohms. 

120 

To find the coefficient of self-indttction of a coil. — ^The simplest method 
is that adopted by Lord Bayleigh for correcting for self-induction in his 
determination of the ohm by the British Association method. 

Arrange the coil in a Wheatstone's bridge as if to measure its resis- 
tance, using a veiy delicate undamped galvanometer. Get a perfect 
balance, and call the resistance of the coil thus found P. Now dose the 
battery key before closing the galvanometer key ; on the galvanometer 
key being pressed down tiie needle will be momentarily deflected ; observe 
the throw, call this o. Now insert an additional resistance 8P in the 
same circuit as the coil. Close the battery key before the galvanometer 
key (in the usual way), and observe the throw of the needle ; call this fi. 
Also observe the time I of one -half complete vibration of the needle. 
Then if L be the coefficient of self-induction, 

« . 1 
2sm — a 
L_8PT 2^ 



P" 



tan-i8 



Marcel Deprez's experiments between Miesbach and 
Munich (1882). — Two A gramme machines wound with fine wire 
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connected by a double overhead telegraph line of iron wire 4*5 mm. in 
diameter. Diameter of wire on machines *4 mm. 



Beiistaxioe of line 

,» generator .... 

„ motor 

Strength of current at generator 
Difference of potential at terminals of motor 
Available electrical work at motor . 
Electrical work of generator (calculated) . 
Effectire work taken out of motor . 
Electrical efficiency (calculated) » 
Mechanical efficiency (calculated) 



d50*2 ohms. 
4531 „ 
453-4 „ 

•519 ampere. 
850 volts. 
•426 h.p. 
1-01 „ 
•245 „ 
38*9 per cent. 
22-1 



Experiments at the Chemin de Fer du iVbrrf (1883). — ^A Marcel-Deprez 
machine, with double gramme ring as generator and a D gramme as 
motor. Diameter of wire, 1 mm. (The machines being arranged side by 
side made leakage on the line an adyantage, instead of a disadvantage as 
it is when the machiues are at opposite ends of a double line.) The line 
was made of telegraph wire 4 mm. in diameter, 17 kilometres long, and 
of 160 ohms resistance. 

Besistance of generator 56 ohms. 

;■ »» motor 83 „ 

The- following are tiie results of two series of tests made by Messrs. 
Tresca, Hopkinson, and Oomu r 

1st series. Sad series* 

Strength of current in amperes . . 2*559 2:687 

Power expended at the dynamometer . 6*21 10*4 

Number of revolutions per minute . . 590 814 

Difference of potential at terminals . .1290 1865 

Electrical energy produced.. . . . 4*42 6*81 

lllLotor. 

Number of revolutions per minute . . 365*8 505 

Difference of potential at terminals . . 908 1485 

Electrical energj.putin^to the motor . 3*12 5*42 

Mechanical work (measured at the break) *326 *317 

Between Vizelle and Grenoble (1883). — Generator, a Gramme ma- 
chine with two rings coupled in series (Marcel Deprez t3rpe. No. 10) on the 
same axis. Field magnets, two U-shaped electro-magnets. 

Motor, D Gramme madiine altered for the experiment. 

Distance of tawismission 14 kilometres, overhead line formed of two 
wires (lead and return) of silicium-bronze two milHm^tres in diameter* 
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Besistance of the line • 167 ohms. 

Besistanoe of generator : 

Field magrnets 20*1)^. , 

Kings 2x18-3 gg.g j-56-7ohma. 

Besistance of motor : 

Field magnets ^^\o» 

Bings 36;*^ 



DETAILS. 




D2. 


Nl. 


Bevolutions per minute of generator . 

„ „ motor .... 
Motive power at axis of break in chevaux *apeur 

Motive ^wer ^oss) 

"Work with transmission deducted 

Work received at the break 

Mechanical efficiency 

Mean current strength in amperes 
Electromotive force of generator E 

„ „ motor e .... 

Electrical effidenoy- 


995 
618 
16-28 
12-61 
12-27 
6-33 
61-6 
8-46 
2848 
1737 

60-9 


1140 
875 
16-9 
11-56 
11-18 
6-97 
62-3 
2-35 
8146 
2231 

70-8 



£o88 by Udkage on the line, — Experiments made by means of nitrate of 
silver voltmeter on the silicium bronze line when recently put up in a 
temporary way, gave the following results : 



DETAILS. 


EXPSBIMKITTS. 


1 


2 


Electromotive force of the generator (in volts) 

Strength of current at Vizelle in amperes . 

„ „ Grenoble „ . . 
Loss per cent 


2808 

2627 
3-268 
3-099 
5-1 


3128 

2934 
3-514 
3-282 
6-6 



Let 



OBNBBAL USEFUL FOBMUL£. 

E be the e. m. f . of the dynamo. 

e be the back e. m. f . of motor. 
B be the resistance of dynamo. 
B' be the resistance of line. 

r the resistance of motor. 
W, mechanical work put in to the dynamo. 
w, work taken out of motor. 
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To laty pat am mmtmeier m anmSt mmd ttbaerrt Oe onrent pmamng 
C, pkee ft TO tMKer betwwB Oe tenouk €< tte »ofaK^ aad ul— Tr the 
dJgfTWWxrfpotfirtMljP; wcOemlKTe 

r = P-Cr E = P + C(B + BO. 

C^ • 

B + B'+r 

JTow for motor, deetnod worik pot in ii 

CP, 

and iribole eoBrertiUe or arnkble dectzieal wock it 

O, or C (P - Cr). 

Vazimiim poaOile efidency of Botor under P~Cr ^ « 

tiie conditkins o< tiie tert . . . .~ p p 

BcaleAamcT =: — • 

Bitio of real efficiency to maTimnm pooible . 



emdencj C (P - (>) 

lyym doe to friction, self-induction, and the r* rp p ^ — 

group of phenomena called magnetic friction ^ ~ ; — ««'. 

A test shonld be made to ascertain the loss hy mechanical friction; 
call this L, 

Then the loss dne to electrical and magnetic ^ ^ ^ . _ , . 
actions =C(P-0)-(L+i£.). 

If this loss be high it shows that the electrical design of the motor is 
faulty ; if L be high it shows that the mechanical design is foulty. 

Por any system of transmission of energy : 

The maTimum possible efficiency . . . =^or - 



'E P+C(E+BO 



The real electrical efficiency . 



C{P+0(B+EO} 



The real mechanical efficiency . = — • 
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Percentage of TnaTimnTn possible efficiency to w {P+<J (R+EO } 

effidencj obtained . . . W (P Cr) 

Loss by heating in dynamo . . . . = C^B. 
Loss by heating in line . . . = C^'. 

Loss by heating in motor . . . . = CV. 

Thus, in any system, there is to be considered as to efficiency the 
efficiency of the dynamo and the efficiency of the motor ; and as to 
quantity of power which this system will transmit, the whole resistance 
of the circuit. Having a good type of dynamo and motor, in order to get 

high efficiency and plenty of power, E and e should be high, so that ^ 

may be near unity and E — ^ may be large. The resistance of the whole 
system should be low ; but as a practical rule, to avoid expense in erection 
of the line, the resistance of the system may be allowed to increase as^ 
E and e increase. Again, as in order to increase E and e we must increase 
B and r, B' may increase very rapidly as E and e increase. As yet so 
little has been done on a large scale in electrical transmission of energy, 
and the systems having been for the most part experimental, and there- 
fore not been kept running long, that there is a great dearth of practical 
information on the subject. 

According to the purpose for which the motor has to be used, very 
different types will be selected. Where weight is of no moment, several 
horse-power can already be obtained with very high efficiency from the 
Gramme and the BUrgin dynamos used as motors. At Vienna, Siemens 
Brothers obtained from the Siemens (Heftner - Altneck) continuous 
current dynamo, used as a motor on board their electric boat, supplied 
by the Power Storage Ck)mpany'8 accumulators (the Sellon-Yolkmar- 
Faure-Swan combination), as much as 6 horse-power with an efficiency 
(work to CP) of 75 per cent. For light motors one of the best results 
lately was from some of Ayrton and Perry's motors : 



Speed 


h.p. 
given out. 


Effidenev Weight 
(worktoCfP). of motor. 


2,100 revs, per minute . 


. .35 


38% 871b. 


1,310 „ 


. 75 


47% 75 „ 


1,600 „ 


. 2-1 


61% 127,, 


2,000 „ 


. 2-6 


not observed. 127 „ 



This series goes also to show that horse-power per unit of weight and 
efficiency increase as the weight increases in motors of the same type. 
The varying conditions of driving e. m. f., speed, and lead of brushes 
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all have the greatest possible influence, both on the horse-power and 
efficiency of motors. When any one of these variables is fixed, the other 
two will each have certain definite values in order to get the best effect. 
The values also, unfortunately, are not always the same for TnfLTimiiTn h.p. 
and maTimum efficiency, though probably the better the design of the 
motor, the more nearly the arrangements for mfl/riirmTn power will give 

maximum percentage of — efficiency. As yet, the variation of the 

secondary effects (self-induction and magnetic friction) make the arrange- 
ments for the highest power always differ widely from Jacobins rule of 
1— 1 

£Ii£CTBIC lilOHTINO. 

Electric light is the direct application of the' heat produced by currents. 
This heat is utilised and concentrated into the smallest possible space, so 
as to raise the temperature as high as possible, and so cause certain bodies 
to become luminous. According to the nature of the conductor passed 
through and made luminous by the current, three large classes of practical 
means of producing electricity may be formed. 

1. Rarefied air, made luminous by the passage of a current. 

2. The voltaic arc, formed by the passage of a current in air raised to 
a high temperature; this air heats the carbons or other refractory bodies 
by direct contact and renders them incandescent. 

3. Incandescence.^SoM matter, generally carbon, raised directly to a 
high temperature by the passage of a current. We will only discuss here 
the voltaic arc and incandescence, light produced in vacuum tubes not 
having as yet been practically applied. 



TOIiTAIC ABC. 

The voltaic arc is almost always produced between two pencils of 
artificial or agglomerated carbon, and the light is due, not to the arc pro- 
perly so called, but to the incandescence of the carbons raised to a 
high temperature by the passage of the current. The combustion of the 
carbons causes them to wear away, and it becomes necessary, in order 
that the Ught may be steady and to prevent its going out, to keep the 
carbons at a suitable distcuice from each other, either by hand or by the 
aid of properly-devised lamps, which cause the carbons to approach each 
other automatically in different ways, which are more or less perfect, 
more or less simple, or more or less economical. 
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Classification principles of arc lamps.— The 

arc lamp is said to be monophotal when its sjrstem of governing is 
such that only one source of light can be worked from each source of 
electricity, whether battery or machine. It is polyphotal when several 
can be placed on one circuit, either in series or in parallel arc or in 
several groups, according to the character and power of the machines 
which feed them. Generally, regulation is based on electro-magnetic 
actions, and is produced 

(1) By current ftrength. — ^The mechanism tends to keep the strength 
of the current constant. 

(2) By a shunt circuit. — ^The regulating electro-magnet, wound with 
fine wire, is arranged as a shunt between the terminals of the lamps, and 
tends to keep the difference of potential between these two points 
constant. 

(3) By differential action,— ^e regulating machinery tends to keep a 
certain equilibrium between the two factors, strength of current and 
difference of potential at the terminals, and comes into action as soon as 
one or other of these two elements tends to become weaker or too 
strong. 

(4) Variom lamps, — There are a certain number of lamps based on 
different actions and difficult to classify. In some the carbons are re- 
adjusted at regular intervals of time, as one minute or half a minute 
(Brockie). Others keep a constant geometrical distance between the 
carbons, either by the wearing away itself {Rapieff), or by arranging 
carbons side by side (electric candles), or by utilising the heat of the arc 
to produce the bringing together of the carbons at the desired moment 
{Solignac), 

As to mechanical arrangements, they vary infinitely, and the 
fruitfulness of inventors in this direction is inexhaustible. Glaring, 
cords, springs, weights, motors, water, mercury, compressed air, electro- 
magnets of all sorts, solenoids, double- wound magnets, ratchets, mecha- 
nical and magnetic breaks have been employed or proposed; and any 
classification based on these characteristics would be of no scientific or 
practical interest. 

Altematingr Bnd continuous currents.— When an 

arc lamp is fed by alternating currents, the wear of the two carbons is 
the same if they be horizontal ; if they be vertical, the upper carbon 
wears away a little faster than the lower one, in the ratio of about 108 to 
100 for carbons of the same quality and same diameter. With continuous 
currents, the positive carbon, which is generally placed above, wears away 
twice as fast as the negative carbon, and is hollowed out into a crater. 
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When it is desired to keep the light fixed in space, account must be taken 
of the different rates of wearing according to the nature of the current 
employed. 

Resistance of the voltaic arc—As yet there is ihe 
greatest uncertainty as to the true value of the resistance of the voltaic 
arc, because as yet the true value of the back e. m. f. developed in the 
arc by the i)assage of the current is unknown. We shall give no figures, 
as opinions are so contradictory ; further, such figures are absolutely use- 
less for purposes of calculation, because, if we know the strength of the 
current and the difference of potential at the terminals of a given arc 
lamp, we have all that is necessary for calculating its expenditure of 
electrical energy and the conditions which must be fulfilled by the 
machine which has to feed it. 

Electrical energy absorbed by an electric ligrltt. 

— Let C be the strength of the current in amperes necessary for the good 
working of an electric lamp, arc, candle, incandescent, etc., and E be the 
difference of potential in volts at the terminals of the lamp. The elec- 
trical energy W absorbed by it will be : 

CE OE 

W =: r-— kgms. per second, =— - foot-pounds per second ; 
9*81 l'3o 

^ CE ^ 

or, W= h.p. 

' 746 ^ 

Dividing W by the lighting power of the lamp L in candles or carcels, 
we get the price of unit of light in kilogramm^tres or foot-pounds of elec- 
trical energy. Dividing the lighting power L by W, we get the number 
of units of light which one kilogranmi^tre or foot-pound of electrical 
energy can furnish. Either of these two numbers gives the absolute value 
of a given electric light in relation to the quantity of ielectrical energy 
which it consumes. Of course the number of units of light per kilogram- 
m^tre of effective work furnished by the electrical generator is alwajrs 
lower than the figures given by the above formula, because it necessarily 
includes the coefficient of the efficiency of the machine, the loss due to the 
resistance of the conductor, and other causes of loss independent of the 
light properly so called. 

CARBONS. 

When the carbons are too thin they give a very intense light, but 
bum away too quickly ; when the carbons are too thick very deep craters 
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are formed bo that the light is obscured and diminished. Coating with 
metal increases the life of the carbons. 



1. Trimming of bare carbons. 



2. Trimming of coppered carbons. 



3. Trimming of nickel-plated carbons. 

Bff. E. Beynier on 1 
Plated Carbons. 



Fig. 44.— Experiments of M. E. Beynier on the TrimmiDg of Bare and 
- ' ^ Carl 



Bare and plated carbons {E. i2^Mt>).— Experiments 

made in the shops of Sautier and Lemonnier with an A gramme machine 
and homogeneous Carr^ carbons from the same sample. Photometric 
measurements taken by projecting the light forward by means of an 
arrangement which Mons. Lemonnier considers sufficient for practical 
purposes. 

However, when the sections of carbons and the conditions of 
their surfaces are varied, this method may not be sufficient. Thus, the 
photometric values in the table must be considered as mere approxima- 
tions until less arbitrary measurements have been made. 

The metallic plating was not very adherent ; it often scaled off. By 
improving the plating processes, a good adherent metallic deposit can 
certainly be obtained. On the positive carbon, the ordimiry method of 
trimming is good with copper, and excellent with nickel. On the negative 
carbon, the trimming which is a little too long for bare carbons appeared 
to be a little too short with plated carbons. 

Further, the metal sometimes remains round the carbon at the cut 
part, forming aji injurious projection. This inconvenience might, no 
doubt, be avoided by plating the negative carbon with brass. 
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LxNarn Consumed 


Lefoth 


PS 






IBT One Houb. 


OF Trim MDro. 




State 










H 


DIMENSIONS. 


OF 


cS 


^ ' 


3 




g! 


g 




THX SUIUTACE. 


^ 


1 


^ 


i 






•§ 


1 


H 


1 


^ 


£ 






P^ 


!25 




Ai 


!25 






mm. 


mm. 


mm. 


mm. 


mm. 






rBare . . 


166 


68 


234 


53 


23 


947 


d = 7 mm. 


Blackened 
















J copper 


146 


40 


186 


24 


10 


? 


« = -3846 cq. . 


BlAckened 
















L nickel . 


106 


38 


144 


12 


7 


947 




rBare . 


lOi 


50 


154 


45 


22 


528 


d = 9mm. 


Blackened 
















J copper 
Blackened 


98 


84 


132 


27 


7 


553 


« -= -essscq. . 
















L nickel 


68 


36 


104 


21 


7-5 


516 



. Remarks, — ^Independently of the improvement in the cutting of the 
positive carbon, the use of nickel increased the time of consumption 50 
per cent, in the case of 9 mm. carbon, and 62 per cent, in that of 7 mm. 
carbon. Coppered carbon lasts for a length of time between that of bare 
darbon and nickeled carbon. For equal sections, the metallic plating 
does not seem to affect the luminous efficiency ; but the sectional area 
appears to have a very sensible effect on the lighting power. Thus, 7 mm. 
' Ksarbons have given much higher readings on the photometer than 9 mm. 
carbons. 

GEAMME MACHINES AND PEOJECTOES USED IN THE 
FEENCH NAVY. 



(Sautter and Lemo 


nnier). 










M. 


AG. 


CT. 


CQ. 


DQ. 

4000 


Nominal power in oarcels 


200 


600 


1600 


2500 


Speed in revolutions per minute . 


160D 


820 


675 


1380 


495 


Mean length of arc in mm. . 


3 


4 


4 


4-5 


6 


Strength of current in ampferes . 


13-5 


24-5 


48 


65 


70 


Diameter of carbons in mm. . 


9 


13 


18 


18 


20 


Number of carcels, mean 


226 


490 


1015 


1241 


2198 


Number of carcels, lamp inclined 












(utilised in the projector) . 


625 


1200 


2500 


3300 


6000 


Work absorbed in h.p . . 


•93 


2-69 


514 


7-94 


9-99 


Weight of machine in kilogrammes 


73 


185 


390 


390 


lOOD 


The M type is used on steam launches. The AG type on d 


ispatch 


boats. 


The CT t} pe on ironclads. The CQ and DQ types for coast < 


lefence. 1 
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Abdanb-Abakanonricz lamp (1882).— Differential for 

continuous currents. Bare Siemens carbons. Positive 12 mm. ; nega- 
tive 10 mm. Normal ctirrent : 10*5 ampdres. Difference of potential at 
terminals 42 to 44 volts. 

Oiklclier lamp (1881). — ^A mean current of 15 amperes gives a 
light of 113 carcels in the horizontal plane, and 136 carcels at an angle of 
34°. The positive carbon being above. * 

Tests at tbe Paris Electrical Exliibition (1881).— Th( 

Commission was formed by Messrs. Allardy Jouberty F, Le Blanc, Potit 
and Tresea, They used certain terms to express the quantities which the[ 
measured, which we will explain and define in order that the tables ii^T^- 
be readily imderstood. JQ 

Electric horse-power , arc horse-power (cheval electrique, cheval d^arc)^^ 
—Electrical energy produced or consumed by a machine calculated firon 
the e. m. fs., resistances, and current strengths expressed (by the Con 
mission) in chevaux-vapeur of 75 kgm. per second. In the tables 
will give these values in horse-power of 33,000 foot-poimds per minute. 

Total mechanical efficiency (rendement total mecanique). — Ratio of 
effective work obtained to total mechanical work, deducting that whicriff 
is used in mechanical transmission. 

Mechanical efficienei/ of arcs (rendement mecanique des arcs), — Ratio ( 
the effective work done in the arcs to the electrical energy put into 1 
lamps. 

Electrical efficiency of the arcs {rendement electrique des arcs), — ^Batio 
of the electrical work in the arcs to the total electrical work. 

The results obtained by this Commission will be f oimd in the tables 
on pages 266, 267. 

ELECTRIC CANDLES. 

The first candle was invented by Paul Jahhchkoffio. 1876. It consists 
of two pencils of carbon separated by a layer of insulating material. In 
order that both carbons may wear away at the same rate alternating 
currents are employed. A form has been tried with the positive carbon 
thicker than the negative so as to use continuous currents. It has not 
come into practical use. Other inventors, Wilde (1879), Jamin (1879), 
Debmn (1880), have brought out candles without an insulating layer 
between the carbons with automatic relighting arrangements, but they 
have not been much used. Almost the only electric candle in use at the 
present day is Jablochkoff*s. 



270 APPLICATIONS OP ELECTRICITY. 

Electarical energy expended ..... 14*86 kgm. per second, 

or 107*5 foot-pounds per sec. 
Intensity of light in a zone 15° above the 

horizontal r . 12carcel8. 

IFerderinailll lamp (1880) {Cadanellas). ^Caxbon 4*5 mm. 
in diameter. 

Strength of current 50*5 amperes. 

Difference of potential at terminals . . 675 volts. 

Electrical energy expended 34 kgm per second 

or S45*9 foot-pounds per sec. 

Light (mean horizontal) 34carcels. 

Energy expended per carcel 1 kgm. per second, 

or 7*23 foot-pounds per sec. 
Number of carcels perh.p. of electrical energy 74*25. 



PUEE INCANDESCENT LAMPS. 

There are only four or five out of the inunense number of proposed 
incandescent lamps which are now being commercially used. 

Edison lamp, — ^A filament of carbonised bamboo bent into a U shape, 
and enclosed in a glass globe exhausted to about one-millionth of an 
atmosphere. 

Swan lamp. — ^Filament of cotton parchmentised by immersion in 
sulphuric acid, carbonised, twisted into a sort of curl, and enclosed in an 
exhausted globe. 

Maxim lamp. — ^Filament of carbonised Bristol card-board cut out in 
the form of an M enclosed in a globe containing a rarefied atmosphere of 
benzoline. 

Lane-Fox lamp. — ^Filament of ^* chiendent '* or bass, carbonised and 
enclosed in an exhausted globe. 

All these forms depend on one method of preparing the carbons, which 
is as follows : After the filament is fixed in the lamp the globe is ex- 
hausted to about one-millionth of an atmosphere ; a current is then sent 
through the carbon filament whilst the exhausting pumps continue to 
work, the current is gradually increased until the filament is brought up 
to a bright white heat ; it is then kept steady, and the pumping con- 
tinued for some time. In most lamps the globe is then sealed ; but in 
the Mft-TiTn and some of Lane-Fox's, etc., some hydrocarbon vapour is 
now introduced (the filament being kept hot) and pumped out again, this 
process being repeated several times before the globe is sealed ; the object 
being to deposit carbon in the pores of the filament. 
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In other respects these lamps resemble each other very closely in 
mode of manufacture, except in the case of the Lane-Fox lamp, in which, 
instead of the carbon filament being fixed directly to the platinum wires 
sealed through the glass, there is a somewhat complex arrangement of 
platinum wire, mercury cups, copper wire, plaster of Paris, and cotton 
wool, the object being to reduce the expense of long lengths of platinum 
wire. 

Otherwise, the difference is mainly in the substance from which the 
carbon filament is prepared. Mr. Edison and his followers prefer a 
substance which retains a fibrous structure after carbonising, whilst Mr. 
Swan and his school prefer to destroy all structure in the material as far 
as possible so as to obtain an homogeneous carbon. Mr. Crooks, besides 
modifying the glass envelope with a view of cheapening the manufacture, 
uses a process of destroying structure which he claims as more complete 
than Mr. Swan's parchment i»aper or sulphuric add process. Mr. Crook's 
lamp has been but Uttle seen in public, and it would not be possible at 
present to express an opinion on the relative merits of the different forms 
of lamps. The following tables give the results of some tests made 
on some of the forms : 



EDISON LAMPS. 







1882 TYPES.t 1 


DETAILS. 


1880 
TYPE.* 














A 


B 




74-50 


140 


70 


Strength of current in amperes 


1-08 


075 


075 


Difference of potential at ter- 








minals ..... 


80-50 


100 


50 


Candle power .... 


10 


16 


8 


Electr.cal euergj expended in 










8-27 


7-5 


3-8 


Electrical eneigj expended in 








foot-pounds per second 


59-72 


54*26 


27-48 


Number of lamps per elec- 








tricalh.p 


9 


10 


20 


Number of candles per h.p. 


119 


158-4 


158-4 


• Hatiry Morton (Tests made at t 


he Stevens Inc 


tltate, Hobok< 


m). 


t B. F. Pieou (mean flgnres). 









In practice about one effective horse-power put into the gensmimg 
dynamo is allowed for 8 A lamps or 16 B lamps (1882 pattern). 
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Ekctrioal energy expended 14*86 kgm. per lecond, 

or 107*5 foot-pounds per sec. 
Intensity of light in a zone 15° above the 

horizontal r . 12carcel8. 

Hrerdermann lamp (1880) {CabaneUaa), — Caxbon 4*5 mm. 
in diameter. 

Strength of current 50*5 amperes. 

Difference of potential at terminals . . . 675 volts. 

Electrical energy expended 34 kgm per second 

or S45*9 foot-pounds per sec. 

Light (mean horizontal) 34caroels. 

Energy expended per carcel 1 kgm. per second, 

or 7*23 foot-pounds per sec. 
Number of carcels perh.p. of electrical energy 74*25. 



PUEE INCANDESCENT LAMPS. 

There are only four or five out of the immense number of proposed 
incandescent lamps which are now being commercially used. 

Edison lamp, — ^A filament of carbonised bamboo bent into a U shape, 
and enclosed in a glass globe exhausted to about one-millionth of an 
atmosphere. 

Swan lamp, — ^Filament of cotton parchmentised by immersion in 
sulphuric acid, carbonised, twisted into a sort of curl, and enclosed in an 
exhausted globe. 

Maxim lamp, — ^Filament of carbonised Bristol card-board cut out in 
the form of an M enclosed in a globe containing a rarefied atmosphere of 
benzoline. 

Lane-Fox ^mp.— Filament of '^ chiendent " or bass, carbonised and 
enclosed in an exhausted globe. 

All these forms depend on one method of preparing the carbons, which 
is as follows: After the filament is fixed in the lamp the globe is ex- 
hausted to about one-millionth of an atmosphere ; a current is then sent 
through the carbon filament whilst the exhausting pumps continue to 
work, the current is gradually increased until the filament is brought up 
to a bright white heat ; it is then kept steady, and the pumping con- 
tinued for some time. In most lamps the globe is then sealed ; but in 
the Maxim and some of Lane-Fox's, etc., some hydrocarbon vapour is 
now introduced (the filament being kept hot) and pumped out again, this 
process being repeated several times before the globe is sealed ; the object 
being to deposit carbon in the pores of the filament. 
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In other respects these lamps resemble each other very closely in 
mode of manufacture, except in the case of the Lane-Fox lamp, in which, 
instead of the carbon filament being fixed directly to the platinum wires 
sealed through the glass, there is a somewhat complex arrangement of 
platinum wire, mercury cups, copper wire, plaster of Paris, and cotton 
wool, the object being to reduce the expense of long lengths of platinum 
wire. 

Otherwise, the difference is mainly in the substance from which the 
carbon filament is prepared. Mr. Edison and his followers prefer a 
substance which retains a fibrous structure after carbonising, whilst Mr. 
Swan and his school prefer to destroy all structure in the material as far 
as possible so as to obtain an homogeneous carbon. Mr. Crooks, besides 
modifying the glass envelope with a view of cheapening the manufacture, 
uses a process of destroying structure which he claims as more complete 
than Mr. Swan's parchment paper or sulphuric acid process. Mr. Crook's 
lamp has been but little seen in public, and it would not be possible at 
present to express an opinion on the relative merits of the different forms 
of lamps. The following tables give the results of some tests made 
on some of the forms : 



EDISON LAMPS. 



DETAILS. 


1880 
TYPE.* 


1882 TYPES.t 


A 


B 


Besistance in ohms hot . 

Strength of ourrent in amperes 

Difference of potential at ter- 
winala 

Candle power .... 

Electr.cal euergy expended in 
kgm. per second . 

Electrical energy expended in 
foot-pounds per second 

Number of lamps per elec- 
trical h.p. .... 

Number of candles per h.p. 


74-50 
1-08 

80-50 
10 

8-27 

59-72 

9 

119 


140 
0-75 

100 
16 

7-5 

54*26 

10 
158-4 


70 
0-75 

50 

8 

3-8 

27-48 

20 
158-4 


* Henry Morton (Tests made at the Stevens Institute, Hoboken). 
t B, V, Picou (mean flgores). 



In practice about one effective horse-power put into the generating 
dynamo is allowed for 8 A lamps or 16 B lamps (1882 pattern). 
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Electrical energy expended 14*86 kgm. per second, 

or 107*5 foot-pounds per sec. 
Intensity of light in a zone 15° above the 

horizontal , . 12carcels. 

Hrerdermann lamp (1880) (Cabanellas), ^Caxhon i'b mm. 
in diameter. 

Strength of current 50*5 amperes. 

Difference of potential at terminals . . 6*75 volts. 
Electrical energy expended 34 kgm per second 

or S45*9 foot-pounds per sec. 

Light (mean horizontal) 34carcels. 

Energy expended per carcel 1 kgm. per second, 

or 7*23 foot-pounds per sec. 
Number of carcels perh.p. of electrical energy 74*25. 



PUEE INCANDESCENT LAMPS. 

There are only four or five out of the immense nnmber of proposed 
incandescent lamps which are now being commercially used. 

Edison lamp, — ^A filament of carbonised bamboo bent into a U shape, 
and enclosed in a glass globe exhausted to about one-millionth of an 
atmosphere. 

Swan lamp, — ^Filament of cotton parchmentised by immersion in 
sulphuric acid, carbonised, twisted into a sort of curl, and enclosed in an 
exhausted globe. 

Maxim lamp, — ^Filament of carbonised Bristol card-board cut out in 
the form of an M enclosed in a globe containing a rarefied atmosphere of 
benzoline. 

Lane-Fox lamp, — ^Filament of *^ chiendent " or bass, carbonised and 
enclosed in an exhausted globe. 

All these forms depend on one method of preparing the carbons, which 
is as follows: After the filament is fixed in the lamp the globe is ex- 
hausted to about one-millionth of an atmosphere ; a current is then sent 
through the carbon filament whilst the exhausting pumps continue to 
work, the current is gradually increased until the filament is brought up 
to a bright white heat; it is then kept steady, and the pumping con- 
tinued for some time. In most lamps the globe is then sealed ; but in 
the Maxim and some of Lane-Fox*s, etc., some hydrocarbon vapour is 
now introduced (the filament being kept hot) and pumped out again, this 
process being repeated several times before the globe is sealed ; the object 
being to deposit carbon in the pores of the filament. 
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In other respects these lamps resemble each other very closely in 
mode of manufacture, except in the case of the Lane-Fox lamp, in which, 
instead of the carbon filament being fixed directly to the platinum wires 
sealed through the glass, there is a somewhat complex arrangement of 
platinum wire, mercury cups, copper wire, plaster of Paris, and cotton 
wool, the object being to reduce the expense of long lengths of platinum 
wire. 

Otherwise, the difference is mainly in the substance from which the 
carbon filament is prepared. Mr. Edison and his followers prefer a 
substance which retains a fibrous structure after carbonising, whilst Mr. 
Swan and his school prefer to destroy all structure in the material as far 
as possible so as to obtain an homogeneous carbon. Mr. Crooks, besides 
modifying the glass envelope with a view of cheapening the manufacture, 
uses a process of destroying structure which he claims as more complete 
than Mr. Swan's parchment {taper or sulphuric acid process. Mr. Crook's 
lamp has been but Uttle seen in public, and it would not be possible at 
present to express an opinion on the relative merits of the different forms 
of lamps. The following tables give the results of some tests made 
on some of the forms : 



EDISON LAMPS. 



DETAILS. 


1880 
TYPE.* 


1882 TYPES.t 


A 


B 


Strenglsh of current in ampferes 
Difference of potential at ter- 

ntinals 

Candle power .... 
Electr.oal euergy expended in 

Electrical energj expended in 
foot-ponnds per aeoond 

Number of lamps per elec- 
trical h.p 

Number of candles per h.p. 


74-50 
1-08 

80-50 
10 

8-27 

59-72 

9 
119 


140 
075 

100 
16 

7-5 

54-26 

10 
158-4 


70 
075 

50 

8 

3-8 

27-48 

20 
158-4 


* Henry Morton (Tests made at the Stevens Institute, Hoboken). 
t B. F. Picou (mean flgores). 



In practice about one effective horse-power put into the generating 
dynamo is allowed for 8 A lamps or 16 B lamps (1882 pattern). 
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INCANDESCENT LAMPS. 
(Tests of the Commission of the Paris Electrical Exhibition, 1881.) 



DETAILS. 


Maxim. 


Edison. 


Lake-Fox. 


SwAir. 


Besistance in ohms hot . 


43 


130 


28 


31 


Strength of current in 










amperes 


174 


0*70 


1*77 


1*55 


Difference of potential at 










terminals, in yolts 


75 


91 


50 


43 


Electrical energy absorbed 










in kgms. per second 


13*28 


6*50 


8*95 


7*62 


Electrical energy absorbed 










in foot-pounds per sec. . 


95*55 


47 


65 


55*11 


Mean spherical carcel 










power .... 


2*80 


1*57 


1*64 


2*19 




16 


18*35 


13*95 


21*85 



Siemens and Halske's incandescent lamps 

(1883). — ^All the lamps made by the firm of Siemens and Halske work 
with a difference of potential at the terminals of 105 volts. They are 
constructed of three different patterns. To facilitate comparison we 
have contrasted them with Edison A lamps. 





New Lamps bt SisinEHS Ain> 


Edisoh 






Halske. 




Lamp. 


DETAILS. 




















Pattbrh 


Pattekv 


Pattben 


Pattbbe 




n. 


IV. 


VI. 


A. 


Normal candles .... 


12 


16 


25 


16 


Volts 


100 


100 


100 


100-4 


Amperes 


*41 


•55 


*8 


71 


Ohms (hot) 


244 


182 


125 


141 


Watts 


40*5 


55 


80 


71 


Normal candles per electrical 










h.p. in the lamp 


213 


208-9 


224 


161*2 



Hig^h resistance lamps.— In order to lessen the loss by 
heating of the main conductors, and in order to increase the number of 
lamps arranged in parallel arc on a given lighting system, and yet to pre 
vent the lamps from varying in brilliancy too much as more or fewer are 
turned on, high resistance lamps are now made, of which the following is 
an example. 
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Swan lamp (1883). 

Besistanoe cold 292 ohms. 

„ hot 150-8 „ 

Strength of current 'SS ampiire. 

Difference of potential at terminals . 95 volts. 

Candle power 2 )'9 candles. 

Energy absorbed per lamp .... 7 kgms. per second, 

= 50'63 foot-pounds 
per second. 

Nnmber of lamps per electrical h.p. 10*9. 

Number of candles per electrical h.p. . 2286. 

Tbe Nothomb lamp (1883).— Filament of cellulose carbon- 
ised in a carburetted atmosphere ; 1 mm. broad and '4 mm. thick. The 
A, B, and C patterns work with currents from 1 to 3 amperes, and e. m. f . 
of from 45 to 100 volts, giving respectively 30, 50, and 100 candle-power. 
The D pattern of 300 candle-power has three filaments. When they are 
coupled in series the lamp requires 300 volts and 3 amperes. When they 
are coupled parallel it requires 100 volts and 9 amperes. 

Boston or Bernstein lamp (1883). — The filament is 

formed of a thin-walled tube of braided silk, carbonised on a bed of 
graphite. The pattern called the 50-candle lamp gives normally 60 
Genuan candles. It works with a current of 5*4 amperes, and a d^BTer- 
ence of potential at the terminals of 28 volts. The expenditure of energy 
is 15 kilogramm^tres per second (123 foot-pounds per second), or 303 
candles per electrical horse-power. 

The 90-candle pattern requires 8*5 amperes and 34 volts at the termi- 
nals, or 29 kgm. per second (z= 209*76 foot-pounds per second). The same 
lamp has been pushed without destroying the filament up to 11*8 amperes 
and 46 volts at the terminals, thus absorbing 54 kgm. per second {=z 380*6 
foot-pounds per second), and giving 460 candle-power. 

Small lamps. — The small lamps used for ladies' head-dresses, 
scarf pins, etc., are of very small dimensions, and require remarkably 
little energy to produce a quantity of light, which it is difficult to measure 
exactly, but which may be estimated as about equal to one good composite 
candle. The smallest size (12 mm. long and 6 mm. in diameter, will work 
with 3*7 volts at the terminals, and a current of 1*7 amperes, or about 
6 kgms. per second (=: 2*24 foot-pounds per second). 

The next size larger, about the size of a small filbert, gives 2 to 3 
candles with 4*2 volts at the terminals, and a current of 1 *5 amperes. We 
do not know the life of these lamps under these conditions, which must 
be considered as excessive, for as the candle power in respect to energy 

S 
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absorbed is as least as high in these little lamps as in the larger patterns, 
it is evident that they must be rather pushed, and must therefore last for 
a much shorter time. 



ELECTRIC TELEORAPHY. 

Telegraph systems always include at least four elements: (1) the 
generator of electricity ; (2) the transmitter ; (3) the line ; and (4) the 
receiver. 

We ueed say nothing here about the generator of electricity, which is 
almost always a battery. The only batteries which are now used for 
telegraphs are the DanicU battery and the different forms of gravity 
Daniell, the Leclanche, and the bichromate battery {Fuller y Higgins, etc.). 
The transmitter and receiver are considered together under the name of 
transmitting instruments. The line, or, rather, the different lines we are 
about to examine are subdivided, according to their nature, into over- 
head, underground, and submarine lines. 



OVERHEAD LINES. 

Conductors* — Galvanised iron wire is used everywhere. In 
Oermany it is sometimes covered with linseed oil. In England, where 
the line is exposed to corrosive vapours, the galvanised wire is immersed 
in a mixture of tar and bitumen, and is covered with a double layer of 
tarred line. In America a compound wire is also used, formed of a tinned 
steel wire, covered spirally with a ribbon of copper, and passed through 
a bath of tin to solder the copper to the steel. Compoimd wire is tenacious, 
light, and resists the action of vapours ; but is expensive, and the copper 
coating sometimes comes off. Since 1877, a wire formed of a steel heart, 
electrically covered with copper, has been used in America. 

Joints* — In France a sleeve is employed, and the Britannia joint in 
other countries. The solder run into the iron sleeve is composed of two 
parts of tin and one part of lead. 

Insulators* — The double bell insulator is most often used, made 
of pure kaolin or porcelain clay ; stone-ware and earthenware are also 
much used. The insulator is entirely glazed, except the edge on which it 
rests during the baking, which is carefully polished. Sometimes glass 
or ebonite insulators are used. 

Insulation of overhead lines (Ct«//^y).— Insulation of a 



ELECTRIC TELEGRAPHY. 275 

line 448 kilometres long ; iron wire 6 millimetres in diameter ; resistance 
of conductor, 2,260 ohms. 

Insulation perkiloin^tre in comparatively fine 
weather 21,920,000 oluns. 

Insolation per kilometre in wet weather, 
signals still good 307,000 „ 

Insulation per kilometre, weak signals . . 291,00D „ 
The insulation should never be less than 30O,O0D ohms per kilometre. 

Calculation of the insulation resistance of an 
overhead line (Far^).— When the resistance is the insulation 
resistance of a line supported 09 equidistant posts, the current received 
Cr may be calculated in terms of the current sent 0« by the following 
lormula: 

Let 

m be the resistance of the line between two posts ; 
i the insulation resistance at each post ; 
n the number of posts ; 
e the number e = 2*718. 

Let Z = ^ ~T • 

Calculate the value of Z, then 

2C, 



In the case of a well-insulated Une, the ratio -r- should be less than 
1 
bu,ooo* 

This formula is only applicable to lines on which the highest potential 
used does not exceed 100 volts. 

I^eakag^e losses. — In practice, Sughea (1864) considers that on 
a line 300 miles long, with mean insulation, the current received is equal 
to one-third of the current sent out. For a line of the same length, 
Frescott considers that the received current varies between '75 and '2 of 
the current sent out, according to the insulation of the line. 

Received current te»tilk^m— Post -Office technical instruc- 
turns.— At both the sending and receiving ends of the line, resistance coils 
BB, of 10,000 ohms each, are to be .included in the circuit when the 
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receiyed currents are measured. The battery sending the current is in 
all cases^ (whether on a short or long section) to be 50 Darnell's cells, and a 
supplementary battery of 10 cells with extra terminals (one connected to 




Pig. 45. 




each cell) is to be included with the 50 cells as in Fig. 47) so that the 
electromotive force of the current can always be made approximately 
equal to 50 good cells by adding on one or more extra cells when the 
electromotive force of the battery diminishes. 

The tangent galvanometer must be adjusted by means of the adjusting 



oopoooooo 




Pig. 46. 




magnet) so that the standard cell (in good condition) with both plugs of 
the galvanometer out^ gives a deflection of 25°. 

The strength of the received currents (which must be measured with 
the ^i(-hand plug in) is then obtained from the table on page 278. This 
table gives also the absolute insulation resistance in ohms of tiie line, 
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corresponding to the strength of the received current; thus, if the 
received current gives 30*, then the strength of the latter will be 1 '24 milli- 
amp^res, and the total insulation resistance of the line 5,680 ohms, which, 
multiplied by the length of the circuit in miles, gives the insulation re- 
sistance per mile. 

In order to test whether the sending battery is of the current power, 
the latter should be joined, as in Fig. 48, direct through the tangent galva- 
nometer at the sending station with the two 10,000 ohms resistance blocks 
on circuit, and both plugs of the galvanometer out. If the battery is in 
proper order a deflection of i9^ should be obtained ; if this is not the 
case the necessary number of cells from the 10-cell supplementary battery 
should be added, so as to obtain the required deflection. 



rf ■■ 

OOOOOOOOO 



Pig. 417. 






^ 



In cases where three sets of wires are being tested at the same time, 
one sending battery may be used for sending the currents on the 
*< Universal system,*' the 10,000 ohms resistance blocks being interposed 
in each lead wire as shown in Fig. 49. 

Office 'Wire. — ^Annealed copper, 1 millimetre in diameter; two 
layers of guttapercha, separated by a layer of Chatterton's compound. 
Total diameter, 3 millimetres; insulation resistance, 50 megohms per 
kilometre. 

Eartb and. eartb l¥ireSo — Eveiy instrument (receiver, 
lightning guard, or battery) is provided with an earth wire, consisting of 
a copper wire, 1*6 millimetres in diameter. All these wires, brought 
together into a cable, form an earth cable, which thus has no sensible 
resistance. The earth cable ought to be soldered to as large a conducting- 
surface as possible, embedded in soil which is perfectly moist at all 
seasons of the year, and acts as a conductor over a large space, a pump, 
or an iron water or gas-pipe. The earth cable is soldered to both 
systems of pipes, if possible. The conducting wire ought to be soldered 
to the earth-plate, and the point of the junction carefully painted, so as 
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TABLE SHOWING STRENGTH OF RECEIVED CURRENTS AND 
EQUIVALENT INSULATION RESISTANCE& 





Strbnothop 


Equitalsxtt 




Stskhothoi 


Equiyaubht 


DBVLBCnON. 


RSCCIVXD 


Ibsulatioh 


DKnjBcnoM. 




Insulatioh 




CUBKSNT. 


Resistahcs. 




CUBIUEMT. 


Resistance. 


Degree.. 


MUliamptees. 


Ohms. 


De^ees 


Milliamp^es. 


Ohms. 
6,010 


4Sk 


2-42 


271.000 


2hi 


116 


4,820 


48 


2^ 


142,000 


28 


114 


4,630 


47i 


2-34 


96,500 


27i 


112 


4,450 


47 


2-30 


72,100 


27 


109 


4,290 


46i • 


2-26 


57,500 


261 


1-07 


4,120 


46 


2-22 


47,800 


^6 


105 


3,970 


45t 


218 


40,700 


25i 


102 


3,820 


45 


214 


35,400 


25 


1-00 


3,680 


44i 


211 


31,200 


24J 


•977 


3.540 


44 


207 


27,900 


24 


•954 


3.400 


43^ 


204 


25,200 


231 


•932 


3,280 


43 


2-00 


22.900 


23 


•910 


3,150 


42i 


1-97 


21,000 


22i 


•888 


3.030 


42 


1-93 


19,300 


22 


•866 


2.920 


4U 


190 


17,900 


2li 


•845 


2.810 


41 


1-87 


16,600 


21 


•823 


2,700 


4(H 


1-83 


16,500 


201 


•802 


2,600 


40 


1-80 


14,500 


20 


•780 


2,500 


m 


1-77 


13,600 


191 


•759 


2,400 


39 


1-74 


12,800 


19 


•738 


2,300 


381 


1-71 


12,000 


181 


•718 


2,210 


38 


1-68 


11.400 


18 


•697 


2,120 


37i 


1-65 


10,800 


17* 


•676 


2,010 


37 


1-62 


10,200 


17 


•655 


1,950 


36i 


1-69 


9,700 


16i 


•635 


1.870 


36 


lo6 


9,220 


16 


•615 


1,790 


361 


1-63 


8,780 


151 


•695 


1,710 


35 


1-50 


8,370 


]5 


•674 


1,638 


84i 


1-47 


7,990 


i^ 


•655 


1,560 


84 


1-45 


7,630 


14 


•537 


1,400 


83i 


1-42 


7,290 


131 


•616 


1,420 


33 


1-39 


6,980 


13 


•495 


1,360 


32i 


1-37 


6,680 


121 


•475 


1,290 


38 


1-34 


6,400 


12 


•456 


1.230 


81« 


1-31 


6,140 


111 


•43^ 


1,160 


81 


1-29 


5,890 


11 


•417 


1,100 


80i 


1-26 


5,660 


m 


•397 


1,010 


80 


1-24 


5,430 


10 


•378 


977 


291 


1-21 


5,210 


91 


•359 


919 



D«fl«etloii from standard cell through galyanometer with both plugs out to 
be made 2A^. 

The battery sending onrrent to give 491° on galvanometer with both plugs 
<mt, and adjusted as above, with 20,000 ohms in circuit. 
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to prevent the joint from deteriorating. Leaden gas-pipes ought never 
to be used as earths. The cables of earth wires ought to be kept at least 
2 to 3 centimetres from lead pipes, because, during a thunder-storm, a 
discharge might tiike place between the earth wire and the pipe. In- 
stances are on record of the lead being melted, and the gas catching fire. 
The earth wire, however, may be connected to leaden gas-pipes outside 
the office, and in an open space where it is easy to see from time to time 
whether the soldering keeps in good order. If pipes are not available, a 
plate of galvanised iron, one m^tre square, may be used, buried in damp 
earth, or placed in running water or a spring well (not a cistern). 

The plate ought to be buried flat, and not rolled in a cylinder or 
spiral ; it ought to be placed upright rather than horizontal. The earth 
in which the plate is buried ought to be moist at all seasons of the year. 
In hot countries, the earth where the plates are buried ought to be 
frequently watered. 

For distances of less than one kilometre, it is better to employ a 
return wire than earth plates. This return wire need not be insulated. 

The resistance of a good earth ought never to exceed 10 ohms. 
Instead of a plate, a cable may be used, formed of iron wires 3 milli- 
metres in diameter, which are frayed out and made to radiate in all 
directions under the earth. The covering of a submerged cable makes 
an excellent earth. The rails of a railway may also be used, on account 
of their great surface. 

UNDERGROUND LINES. 

GEBMAinr. — Cable of four to seven insulated copper conductors, 
coated with guttapercha, a layer of tarred Russian hemp, a covering of 
galvanised iron wires as a mechanical protection, and, lastly, a coating of 
asphalte as a protection against moisture. 

Fbanoe. — ^The underground cables are of two patterns, corresponding 
to iron wires of 6 and 4 millimetres. 

The conductor is a twist of seven copper wires covered with two 
layers of guttapercha, with Chatterton's compound between them. The 
core thus formed is served over with tarred cotton, then several similar 
cores are twisted into a cable and covered with three envelopes: 1st, 
cotton ribbon ; 2nd, a serving of line ; 3rd, ribbon. Those conductors 
which are to be placed underground are simply covered with these 
envelopes and tarred. Those which are to be put up in tunnels or 
sewers are not tarred, but are introduced into leaden tubes 1*25 milli- 
metres thick. The tubes are at least 50 metres long without join. The 
serving and cotton ribbon are always steeped in a solution of sulphate 
of copper, even those which are afterwards to be tarred. The use of 
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gas-tar is prohibited. The copper used has a conductiyity of 80 per cent, 
of that of pure copper. The insulation must not be less than 400 
megohms at 20° G. The cables are manufactured in lengths of 400 
mdtres, with a maTimum allowance of at most 1*5 metres. All the con- 
ductors of any one section are without join. 



UNDEEGEOTTND CABLES WITH SEVEN CONDUCTOES. 



OF THE COVBBBD WITH 

CoppBs Twist. Guttapsbcha. 



DlAMBTSS 

ov Strands 



DiAMBTSB 
OF CONDUCTOB 



mm. 
•7 
•6 



mm. 
51 
4-5 



DiAMBTBB OF THE 

Cable. 



Braided. 



mm. 
20 
18 



Leaded. 



mm. 
22-5 
20-5 



Pbicb of Cable 

FEB MiTBE. 



Braided. Leaded. 



fr. 
1-80 
2-65 



fr. 
2*45 
2 



Tarious fonnis of cable. — Cables enclosed in lead are better 
protected than those coated only with tarred fibre ; but by flinniTiiahiTig 
the^volume of the tube, so as to avoid inconvenience in handling, and 
expense, the inductive capacity of the cable is increased. Attempts have 
been made to employ a dielectric of less capacity, such as guttapercha, 
indiarubber, resin, paraffin, petroleum, nigrite, oapkerit, etc. 

Bertboud and Borel's cable* — A copper conductor covered 
with one or two layers of cotton passed through a mixture of resin and 
parafBji. Several wires are united and inclosed in a leaden casing. The 
tube, after being passed through thick turpentine, receives a second 
leaden tube. The insulation is as much as 30,000 megohms per kilometre 
at the ordinary temperature. 

Brooks' cable* — The conductors are covered and separated by 
a layer of perfectly dry jute or hemp. The conductors are introduced 
into iron tubes jointed together by screwed joints and filled with petroleum 
oil. A tube 4 centimetres in diameter will hold as many as 50 telegraph 
wires. The insulation is less than that of ordinary cables. The capacity 
is *2 microfarads per kilometre. 

SUBMABINE LINES. 

Submarine conductors are called cables. A cable is always composed 
of three parts : 1st, the conductor, always copper ; 2nd, the dielectric or 
insulator ; and, 3rd, the protecting envelope or armature. The conductor 
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and the insulator together form the core of the cable. The conduc- 
tiTity of the copper yaries between 94 and 98 per cent. The resis- 
tance of the conductor, according to its length, from 4 to 12 ohms per 
knot; the insulation resistance from 250 to 700 megohms per knot; 
and the electrostatic capacity from *35 to *28 microfarad per knot. 
The points to be aimed at in the construction of a cable are to obtain the 
smallest possible resistance of the conductors, the smallest possible electro- 
static capacity-, and the greatest possible insulation resistance. Let D be 
the diameter of the core, d the diameter of the conductor ; the maximum 
speed of transmission is when 

'D = d'^7hzlM9d, 

Mechanical considerations make it necessary to increase the ratio -^ 

which yaries from 2*4 to 3*4 in practice. In the table on page 282 will 
be found the details of the principal cables of recent construction. We 
must refer the reader for more full information on this yery special 
question to the works indicated in the bibliography placed at the end of 
this yolume. 

INSTEUMENTS. 

In a telegraphic system, what are called the instruments are the 
transmitters, receiyers, galyanometers, lightning protectors, relays, etc., 
which are used in the different operations. 

Classification* — ^The nature of the signals receiyed enables us 
to diyide the instruments into seyeral groups : 

1st. Visual signal instruments, — ^Transmission is effected by a series of 
signals which leaye no trace. Single needle instruments (still much used 
in England) : Wheatstone's ABO instrument, Breguet's telegraph, and 
Sir W. Thomson's reflecting galyanometer. 

2nd. Acoustic instruments. — Sounders, yery much used in America, 
and in the English military service ; the despatch is read by the Morse 
alphabet. 

3rd. Registering instruments, — ^The despatch is marked on a con- 
tinuous band of paper in conventional characters; Morse instrument, 
siphon recorder. 

4th. Frinting instruments, ^-The despatch is printed in ordinary 
characters on a continuous band of paper; the type is the Hughes' 
telegraph. 

6th. Automatic instruments. — ^Reproducing at a distance writing and 
drawings (Gaselli, Meyer, Lenoir, Edison) are not used in practice. 

6th. Articulating instruments or telephones. — {See page 289.) 
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Hif^ll-speed instnumeiitis enable the whole transmittmg 
power of the line to be utilised, which is always much greater than the 
speed of transmission of the most skilful clerk. They work by multiplying 
the number of operators working on the same line. In the automatic 
instnmients a certain number of operators perforate bands of paper which 
afterwards pass through the transmitter, and produce very rapid emissions 
of current, which are registered at the receiving end on a continuous 
band of paper like tliat of the Morse instruments. 

In duplex instnmients two operators transmit the despatches 
simultaneously in opposite directions on one and the same wire. In 
the diplex the two operators transmit simultaneously in the same 
direction. In the quadruplex two operators at each end of the line 
transmit simultaneously four despatches ; two in one direction, and two 
in the other. 

Lastly, in the multiplex instruments based on the division of time by 
means of synchronism established between the sending and receiving 
stations, the line is placed for equal and equally divided fractions of 
time successively in communication with several groups of operators, 
who take advantage of the interval of time between two successive 
communications to prepare the next signal. These numerous high- 
speed instruments are not only very different in their principle, but may 
also be distinguished from one another by the nature of the signals they 
transmit. Thus the duplex, diplex, and quadruplex instruments gene- 
rally work sounders. The Wheatstone transmits Morse signals (exclu- 
sively), which are recorded ; whilst the synchronous instruments transmit 
sometimes Morse signals, as in Meyer's instruments ; sometimes ordinary 
characters, as in Baudofs instrument, which is a marvel of mechanical 
ingenuity. Space preventing us from giving a description of aU these 
instruments, we will only point out their general arrangements, and the 
working of their principal parts. 

X21eCtrO*magpaetS« — Specification of French telegraph service. 

Soft iron cores and armature perfectly annealed, must retain no 
appreciable traces of magnetisation after a prolonged transmission of 
Morse signals with a battery of 100 Callaud elements; must not be 
touched with the tool after being annealed. 

Wire of the coils. — Copper of conductivity above 90 per cent, covered 
with white or cream-coloured silk. The fine wire to be in one piece, one 
of the ends soldered to the reel if it be of brass ; outside layer No. 16 
wire of '44 millimetre. The finished coil to be covered with asphalte 
varnish, allowance 2 per cent. The difference between two coils must be 
less than 4 ohms, but the number of turns must be the same. 
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Hughes* instrument. — Minimnm carrying power of the magnet 5 
kilos, coils of the electro-magnet of number 32 ('17 millimetre bare). 
ifprniTmim number of turns 11,000, TnaTimnTn total thickness 11 millimetres, 
maximum resistance 600 ohms. Hollow soft iron core 1*6 millimetres 
thick, 6 millimetres external diameter, 6 centimetres long, and filled 
up to 3 millimetres of thickness to receive the screw fixing the pole piece. 
Testing speed ninety to 140 revolutions of the chariot per minute 
without slowing. 

Morse receivers. — Clock-work movement to go for forty minutes, 
speed of unrolling ribbon 1*7 metres to 1*4 metres per minute, seven 
thousand turns of No. 29 wire ('21 millimetre bare) ; resistance less than 
250 ohms, thickness of the coils not to exceed one centimetre. 

Eelaj/ speakers. — Coil mounted on a brass reel ; in the centre, 2,000 
turns of No. 36 wire '12 millimetre bare, then 6,000 turns of No. 34 wire 
•14 millimetre bare, in all 7,000 turns, Tm'Tn'TrmTn resistance 500 ohms. 

Reverse current coils. — ^Each coil 4,600 turns of No. 32 wire (1*7 milli- 
metres bare), resistance 2,600 ohms. Bells with lightning guard, each 
coil 2,000 turns of No. 32 wire ; resistance 60 ohms, allowance 6 ohms. 
Maximum distance between the edges of a lightning guard half a 
millimetre. 

Methods of diminisliing: the extra current on 

hreakingp circuit* — ^The use of these methods is especially neces- 
sary when powerful currents are used, (a) Arrange a coil of as fine 
wire as possible as a shunt, having a resistance forty times that of the 
electro-magnet. The wire to be coiled half from left to right, and half 
from right to left, so as to prevent the formation of extra currents in the 
shunt {Dujardin). Place a small condenser of tinfoil between the 
terminals of a receiver ; the capacity of this condenser must vary with the 
resistance of the electro-magnet and the power of the battery, generally 
from one-eighth to a quarter of a microfarad {Culley), When it is 
possible to arrange two coils of an electro-magnet for quantity or in 
parallel circuit, the extra currents which are produced in each of the coils 
tend to neutralise each other. This arrangement applied to the Wheat- 
stone instrument has enabled the rapidity of transmission to be increased 
from 10 to 20 per cent. {Freece). 

Strength of telegraphic currents*— Distinction must 
be made between the working current and the mean current. 
The working current is that sent out at the sending end, and 
measured at that end, which in France varies between 12 and 
20 miUiamperes. The received current which works the receiver 
is diminished by the influence of leakage, and according to the state 
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of the line and the atmosphere, the length of the line and its 
insulation, etc., varies between *7 and '2 of the initial current. The 
mean eurrenty which varies between 7 and 13 milliamp^res, represents the 
continuous current, which during the twenty-four hours would produce the 
same expenditure of chemical action as the daSLj work of the working 
current. The quantity of electricity expended per twenty-four hours varies 
between 500 and 1,^ coulombs, and represents a daily deposit of from 
*2 to *4 gramme of copper. The current which actually passes through 
the receiver varies between 3 and 8 nulliamp^res. 

Mean strengUi of telegraphic currents used in 

India {Sehwendl&r). 

Workfaig currents during the dry season, eight months, 

in milliamp^res 6*4 ' 

During the rainy season, four months, in miUiamp^res 13 

Local drcuit working a speaker, in miUiamptoes • . *72 

Resistance of the speaker, in ohms 25 to 35 

Siement relay. — Resistance in ohms 500 

Strength necessary to work the instnuneut, in milli- 

amp^res 2 

Bangle of electro-magnet receivers {Sehwendler),— 
Let e be the weakest which will work a telegraph instrument, G the 
strongest current which it will bear, its range is : 

C 

Banger—' 

It is always as well that the range should be as high as possible. 

The range of an electro-magnet receiver is a decreasing function of the 
speed. The following is a table of the experiments made by Schwendler 
on a Siemens polarised relay to determine its variations : 



NUMBKB 

OF 

ExPXBimHT 


NuiiBSB or 

COHTACTS 

piB MnrvTB. 


WXAKBST 

CUBBKNTIV 

MlLLIAMPiBBS 

C. 


Stbovokst 

ClTBBXHTnr 

C. 


Bavgb 
C 
e 


1 

2 
3 

4 
5 


53 
101 
138 
313 
419 


•89 
1-03 
1-14 
1-81 
1-81 


14-35 
14*.i5 
14-35 
14-35 
8-36 


16-1 

14 

12-6 
7-9 
4-6 
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Four hundred and thirty contacts per minute correspond to a speed 
of 20 words of 6 letters per minute, the word Paris being taken as a tyi>e. 
The range of a relay working at this speed cannot exceed 4. The relay 
experimented on above will work with currents varying between 2 and 
8 milliamp^res without changing its adjustment. 

Sensitiveneisjs of a telegrapMc instrument. — The 

wire ought to be so arranged as to produce the most intense possible 
magnetic field at that part where the work is to be done. The movable 
parts ought to be as small as possible, so as to diminish their moment of 
inertia, and because a small magnetic field costs less to produce than a 
large field of equal intensity. Those parts which are magnetised by the 
current ought to magnetise and demagnetise rapidly; that is to say, 
have but little magnetic inertia, have a small mass and as little coercive 
force as jwssible. All contact between the armature and the electro- 
magnet should be avoided because of residuary magnetism. 

Siemens relays {Schwendler).— The resistance R of a relay 
may be deduced from the formula : 

B = ^L. 

L being the resistance of the longest line on which the relay is required 
to work. 

Mange. — A Siemens relay ought always to have a higher range than 
25 ; many have a range of 35, and some instruments have as much as 55. 
A Siemens relay of 500 ohms resistance works well with a current C of 
2 milliamp^res. The same relay having a resistance of r' would work 
with a current c' : 

^ Cs/T 44-8 .... ^ 
if-^. — — z=z — 7ii.milliamperes. 

This approximate formula does not take the thickness of the insulator 
into account. 

liOCal sounders. — In India they have a mean of from 25 to 35 
ohms resistance, and work with four Minotti elements in series, and a 
current of 72 miUiampferes. 

Portable sounders* — Polarised relay 500 ohms resistance, 
250 for each coil. 
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I>ial telegr&Pli* — ^Each turn of the handle represents 13 
emiasionB of current and 13 interruptions. A well- constructed instrument 
gives two turns and a half of the needle per second; in practice one 
turn per second is counted. Each letter requires as a mean one-half 
turn and a wait of half a second. The speed is 60 letters per minute, or 
10 words, each word comprising 6 letters, and one return to the +, which 
indicates the end of the word. 

Morse instniment* — Spacing and length of the sigm.^OnQ 
dash is equal to three dots ; the space between the signs of the same 
letter equal to one dot; the space between two letters equal to three 
dots ; the space between two words equal to five dots ; mean word, five 
letters. 

Speed of transmission, — ^A good clerk, 18 to 20 words per minute ; 
mean, 12 to 18. 

Speed of the receiver. — Depends upon the number of dots per minute 
which the armature can make, and varies from 800 to 2,000. The letter 
of mean length isr (- — -). The length of a dot which can be easily 
read is three-quarters of a millimetre. If the strip unrolls at the rate 
of 1*2 metres per minute, as many as 32 words per minute may be trans- 
mitted; beyond that speed, the rate of unwinding of the slip must be 
increased. 

Mean work, — 25 simple despatches of 20 words plus the address (say 
30 words) per hour, or 750 words or 3,750 letters per hour, the maximum 
of a letter being 4 dashes. The number of dashes produced is almost 15,000 
to the hour, or 5 per second. 



IMORSB ALPHABET. 



a, 8B - — . • 
b 



d — . 



k 



O, 08 — — — - 
p 

r - — « - 



O, ue - - - 



J 

ch — - 
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Full stop . 

Colon . . . . 

Semicolou . 

Comma 

Note <^ interrelation . 

Note of admiration . 

Hyphen 

Apostrophe . 

Parenthesis . 

Inverted commas 



. (:) 

. <;) 

. (,) 

. (?) 

. 0) 

. (-) 

. (•) 

. () 

('* ") 



MUMEBALS. 



Bar of division 
Call signal 
Understand message 
Bepeat message 
CorreotioDy ot rab ont . 
End of message 

Wait 

C'eared ont, and all right 
Begin another line . 



Tbe Hnglies' instmment.— The printing axle turns seven 
times quicker than the chariot and the type axle. The keys, which are 
pressed down successively, must be separated by an interval of four keys 
at least, as the number of keys is 28. The velocity of the type-wheel 
varies from 40 to 150 revolutions per minute; the mean is 110 to 124 
revolutions. 1*54 letters are transmitted per revolution, or 186 letters 
per minute if the chariot perform 120 revolutions. Two letters per 
revolution of the chariot are generally counted, each word being com- 
posed of five letters and a blank. Thirty-one words per minute is the rate 
at 120 revolutions. 

The contact piece on the chariot covering three divisions of the contact 
box, the contacts last for '053 second. The mean rate of working is 45 
to 50 despatches per hour ; 60 are often sent on short lines. 

ll^lieatstone's automatic transmitter.— One operator 
can perforate 25 despatches in an hour. On a short line the instrunient 
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can transmit 130 words per minute. Between Paris and Marseilles, 863 
kilometres, the mean rate of sending is 85 despatches to the hour with five 
clerks at each end. A series of ten despatches passes through the 
transmitters in five minutes. The emissions of current vary between 
10 and 90 per second. 

Speed of transmission of telegraphic instru- 
ments.— These figures show the rates for despatches of a mean ot> ^ 
20 words on a line of 600 to 700 kilometres in length per hour : ' ^ 



Morse 

„ duplexed . 
Hughes . 

,t duplexed . 
Meyer per key-board 

„ with four key-boards 
Baudot per key-board . 

„ with four key -boards 

„ with six key-boards 



25 
45 

60 
110 

25 
100 

40 
160 
240 



Wheatstone 90 | 

,t duplexed . . .1^ 

BeflectiDg galvanometer 

„ t, duplexed 

Gray (reading by sound) per office 
Syphon recorder , . . . 

,, „ duplexed . . SjJQ^ 

Foot, 1000 words per minute between ^\ 

Boston and New York (460 kil^^ 

metres). 



TEIiEPHONY. 

Telephony is the transmission of articulate sounds to a distance, 
telephonic system always includes : 

(1) A transmitter, which converts articulate sounds characterised 
undulatory vibrations into undulatory currents ; 

(2) The receiver y which transforms the undulatory currents from the 
transmitter into undulatory vibrations, similar to, but not identical with, 
the vibrations which have affected the transmitter ; 

(3) A line formed of one wire or two wires joining the instruments. 

Transmitters are divided into two classes : 

1. Magnetic transmitters , requiring no battery. The sonorous waves 
produce undulatory currents, which afterwards act on the receiver. 

2. Battery transmitters, carbon transmitters, microphones, etc. The 
sonorous waves modify the current furnished by a constant independent 
source (battery or accumulator). 

MAaNsno tbansmittebs. — All magnetic transmitters are reversible. 
They produce undulatory currents under the action of articulate sounds, 
and reciprocally reproduce the corresponding articulate sounds from un- 
dulatory currents passing through them. The type is the Bell telephone, 
which is formed of a plate of thin sheet-iron vibrating in front of a 
magnet, round which a coil of insulated conducting wire is wound. Tho 
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TibrationB of the plate produce induction currents in the coil. The 
■trength and direction of the currents are directly connected to the move- 
ments of the vibrating plate. Many modifications in its form have been 
introduced, which in no way affect the principle discovered by Prof. Bell. 

Battebt TBANSiaTTEBS.— Based on the variations of resistance of 
carbon under the influence of pressure, which was discovered by Du 
Moncel in 1856, and applied to telephony for the first time by Edison in 
1877. The resistance of an imperfect contact was used for the first time 
by Hughes, in 1878, and the inventor named the apparatus the micro- 
phone. Ail transmitters now used are based on the variation of resis- 
tance of imperfect contacts, the contact being made to vary under the 
influence of articulate sounds. Carbon is the best substance to use, 
because it does not oxydise and is infusible, and also because it is of low 
conductivity, and its resistance decreases when heated. 

The different forms of microphones differ by the number of imperfect 
contacts, their arrangement, their grouping, the nature of the sounds to 
be transmitted, etc. It is impossible to give any definite rules, and, as 
Mr. Preece has justly remarked, ** the microphone at present defies 
mathematical analysis.'' 

1. In direct circuit, for short distances. 

2. With induction coilt.— The undulatory current passes through the 
primary coil of an induction coil ; the secondary circuit is joined to the 
receiver, which is thus affected by the induced currents. This last 
method alone is used for long lines and telephone systems. The resis- 
tance of the transmitter varies from 1 to 150 ohms. The resistance of 
the induction coils is also very variable, and no nile can be given, because 
of the secondary phenomena of self-induction, charging of the lines, 
etc. 

Ader^s microphone^ used by the Soci^t^ Generale des T^l^phones in 
Paris, has a meau resistance of 5 ohms, the primary circuit of the coil 
1*6 ohms, the secondary coil 150 ohms, and the receiver 75 ohms: tbe 
flexible conductor about 4 to 5 ohms. The mean strength of the inducing 
current does not exceed a quarter of an ampere, or the twentieth of an 
ampere per contact. In Moser^s experiments, with 24 transmitters in 
parallel arc, the current was 24 amp^es, or one ampere per microphone, 
one-fifth of an ampfere per contact. The plate of the receiver is "3 milli- 
metre thick, the wire of the coils '09 millimetre in diameter. The in- 
duction coil is made of wire, '5 millimetre for the primary and '14 
millimetre for the secondary. 

For the telephonic system of Paris, the primary circuit is formed of 
the transmitter, the coil, and three Leclanch^ cells, with agglomerate 
plates, each arranged in series. 
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Receivers* — ^The most used, in fact, the only ones used in 
practice, are : 

Magnetic receivers. — The most simple and the best is the Bell telephone 
in its innumerable variations. Some are made with two poles, like the 
Sie}nens and Gower, The super- saturated telephone of Ader and the 
concentric pole telephone of d^Arsonval. 

Variaus receivers. — Many other actions besides meignetic actions have 
been used in telephonic receivers. "We will only cite the electromotograph 
of Edison, based on the variations of friction between chalk and plati- 
num, moistened by a saline solution, under the action of a variable 
current; the mercury telephone of Anioine Breguety based on electro- 
capillary actions; the heat telephone of Freece, based on the heating 
and expansion of a wire traversed by an undulatory current ; JDolbear^s 
electrostatic telephone, based on the reciprocal actions of two plates 
charged with variable quantities of electricity, etc. 

Idnes* — ^With very few exceptions, an earth return should never 
be used for telephonic transmission. A double wire or metallic circuit 
should be used. An earth return may, however, be used where there is 
no fear of induction. 

Induction* — ^The noise produced by the action of neighbouring 
circuits on a telephonic circuit is thus called. It often prevents direct 
conversation from being heard. When the telephonic circuit runs near 
many telegraph wires, it often sounds exactly like the boiling of a kettle. 
Induction may be diminished to a certain extent by the following devices : 

(1) By diminishing the sensibility of the receiver and increasing the 
transmitting currents, so as to weaken the external disturbances. 

(2) By establishing an induction screen between the telephone wire 
and the other wires, by using an insulated wire covered with a metallio 
ooating connected to earth. 

(3) By modifying the causes of disturbance, by sending graduated 
currents instead of abrupt currents in the neighbouring circuits. 

(4) Neutralising the effects by means of coimter-induction instru- 
ments. 

(5) Always employing a double or metallic circuit, placing the two 
wires close together; or, I e liter still, using insulated wire, and twisting 
them together. This last method is much the most efficacious and the 
most employed. 

liOSSes on tlie line* — ^The use of a double wire demands 
perfect insulation on the line ; otherwise all exterior currents are felt in 
the instrument, especially when these external currents have an earth 
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return. Telephonic lines with an earth return are also sensible to 
external disturbances, electric lighting, telegraphs, earth currents, 
storms, etc 

Distance* — ^When all disturbing causes are carefully guarded 
against, it is possible to telephone to a distance of 700 kilometres, in per- 
fect silence and with an overhead line. 

Through submarine cables it has never been possible to exceed 180 
kilometres, because of the electrostatic capacity of the cable. No more 
than 40 kilometres is possible with underground lines (January, 1883). 

IVork done bjr batteries used with microphones 

(K Reynier). — ^These figures have been calculated from the observed 
expenditure of zinc in the Leclanch^ batteries in the busiest offices on 
the Paris telephone system (each office having a battery of 3 elements, 
one Ader microphone, and one induction coil). 

Mean strength of inducing current . • *084 ampere. 

Work given out by the battery when the 

microphone is in action *025 kilogrammdtre 

per second. 

AnnvioX work of a very busy ofBlce, the instru- 
ment being spoken throagh 7 hoars out of 
the24 235,425kgm8. 

From Beynier's calculations, the 3000 offices of the Paris system, each 
being supposed to be as busy as the central offices, would use daily 
1,935,000 kilogramm^tres, or one hone-power for about 7 houn and 5 minutes. 
With accimiulators of efficiency 80 per cent., charged by dynamos of 
efficiency 80 per cent., a driving power of one horse-power working 12 hours 
per day would be ample for the work of the whole Paris system. 

Simultaneous telephonjr and telegrapher on the 
same urire* Van BysselbergheU system (1883). — After he had suc- 
ceeded in stopping the induction produced by telegraph wires on tele- 
phone wires by graduating telegraphic currents by the use of resistances, 
condensers, and electro-magnets. Van Eysselberghe was enabled to con- 
nect telephones directly to wires used for telegraphic communication, and 
use the wires for the simultaneous transmission of Morse signals and 
articulate speech. 
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EECIPES, PROCESSES, ETC. 



Fusible alloys {Agenda du chimiste), 

D'Arcef9 alloy ^ fusing at 94° C. 

Lead Sparta. 

Tin 3 „ 

Bismuth 8 „ 

WoodU alloy J fusing between 66^ and 71=* C. 

Lead 2parta. 

Tin 4 „ 

Bismuth 7 to 8 „ 

Cadmium 1 to 2 ,, 

Fusible amalgam^ fusing at 63^ C. 

D'Arcet's alloy 9 parts. 

Mercury , If, 

Alloys used for instraments : 

Copper. Zinc. Tin. 

Tombac, or white copper . . 86 to 88 14 to 12 — 

„ yellow „ . . 88-88 5*56 5*56 

„ red „ . . 91'66 8*34 — 

BomiUy's brass .... 70 80 — 

Alnmiiiiuiii bronze : 

Copper 90 parts. 

Aluminium 10 ,, 

Silvering: for curved mirrors: 

Tin 4 parts. 

Mercury 1 i* 

Alloy for nickel coins (Germany, Belgium, United States) 

Copper 75 parts. 

Nickel 25 M 
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SOLDERS. 



Hard solder, yellow, high 
melt inf? point . 

Hard solder, whitish yel- 
low, low meltiug point . 

Hard solder, yellowish 
white, very low melting 
point 

Hard solder, whitish yel- 
low, very strong 

Brass folder 

Plumber's solder 

Tinman's solder . 



Copper. 



53-3 
44 



57-4 



53-3 
1-5 




IiOi¥ temperature solder.— For use when the parts to be 
soldered will not stand a high temperature. Finely divided copper (ob- 
tained by precipitating a solution of copper sulphate with zinc) is mixed 
with concentrated sulphuric acid in a porcelain mortar. 30 to 36 parts of 
copper are taken, according to the degree of hardness desired, and 70 
parts of mercury are stirred in. When the amalgam has completely 
formed, it is washed with hot water till all traces of acid are removed. It 
13 then allowed to cool. 

When this composition is to be used it is heated until it is of the con- 
sistency of wax, so that the surfaces to be joined may be readily smeared 
with it. When cold they adhere very strongly. 

To give copper tbe appearance of platinum.— 

Scale clean and dip in tbe following bath until the desired appearance is 
produced. 

Hydrochloric acid 1 litre. 

Arsenions acid 250 grammes. 

Copper acetate 45 „ 

Dry by rubbing with blacklead. 

Platinised silver.— Used in Smee's batteries. Dissolve a little 
bichloride of platinum in acidulated water, and decompose the solution 
by a current, taking a plate of platinum as the anode, and the silver plate 
to be platinised as the cathode. A rough deposit is thus obtained which 
facilitates the disengagement of the bubbles of hydrogen. 
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Platinised carbon (TTa/Xw).— The carbon plates are first 
purified by soaking them for some days in sulphuric acid diluted with 
three to four times its volume of water ; a tinned copper conductor is 
then fastened to it by tinned copper rivets. The carbon is then platinised 
by electrolysis, the carbon plate being used as the cathode, the anode 
being either a platinum or carbon plate. The solution used is thus 
prepared : sulphuric acid, diluted with ten times its volume of water, is 
taken, and crystals of chloride of platinum are added until the solution 
becomes of a beautiful straw yellow colour. After the current has passed 
for about twenty minutes the plate is finished ; it may be tested by using 
it as a cathode in the electrolysis of water; it ought to allow the 
hydrogen to escape freely without sticking to it in the form of bubbles. 

Platinised iron*— Paterson dips the plate to be platinised into 
an acid solution of platinum in aqua regia. 

Amalgfauiation of iron*— The iron is steeped for some time 
in a solution of a mercury salt, or in mercury covered with very dilute 
sulphuric acid. Boettger heats the iron in a porcelain vessel with a 
mixture of 12 parts mercury, 1 zinc, 2 sulphate of iron, 12 water, and 1*5 
hydrochloric acid. The simplest and quickest way to amalgamate iron is 
to clean it well with dilute add, rinse in clean water, and then rub it with 
an amalgam of sodium or potassium {Nature). 

Amalgamation of zinc— Put a little mercury in a plate or 
shallow dish, fill up with weak dilute sulphuric acid and water, and rub 
the zinc well with a pad of old rag, dipping the zinc from time to time 
into the mercury ; when the surface looks quite silvery, wash well with 
clean water, and stand the zinc edge downwards to drain, putting a dish 
under it to catch the excess of mercury, which will drain off. (This 
mercury contains much zinc.) 

To purify mercury* — If one of the new low-pressure distilling 
apparatus be not at hand, put the mercury in a deep vessel, put plenty 
of dilute sulphuric acid over it, and place a piece of carbon (a bit of an 
electric light carbon answers very well) into the mercury, weight it or tie 
it down so that there is good contact with the mercury ; this arrange- 
ment sets up local action, and dissolves out all metallic impurities ; do 
not carry the action too far, as you may dissolve some of the mercury in 
the form of mercury sulphates. 

Silver blacl£ {A. BaWeux),— 1st. Take nitric add at 40^, and 
dissolve silver (coins will do) in it until it is saturated. 2nd. Gently 
beat the object to be blackened, which ought not to be joined with tin 
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solder. 3rd. Dip the object into the silver solution until it is cold, then 
replace it on the fire to dry. It is then black. Allow it to cool, then rub 
it with a softish brush and blacklead. 

Oilt plnmbag^O {Tabauref). — ^For giving a conducting surface 
to electrotype moulds, '10 gr. of chloride of gold is dissolved in one litre of 
sulphuric aether, 600 to 600 gr. of plumbago (in fine powder) is thrown in, 
the whole is poured out into a large dish, and exposed to air and light. 
As the aether evaporates the plumbago is stirred and turned over with a 
glass spatula. The drying is finished by a moderate heat, and the 
plumbago put by for use. 

Cyanide of potassinm*— There are several qualities. No. 1 
contains from 96 to 98 per cent, of pure cyanide. No. 2, for copper and 
brass platers, 65 to 70 per cent. No. 3, used by photographers, from 40 
to 50 per cent. 

Chloride of g'Old. — l gramme of metallic gold corresponds to 
1*8 granmies of neutral chloride, and to 2 or 2*2 grammes of the acid 
chloride such as is obtained from chemical manufacturers. 

Porous pots*— Minimum leakage with distilled water at 14° C. 
15 per cent, in twenty-four hours. 

Morse paper.— Width: l centimetre. Weight: 53 grammes 
per 100 metres ; breaking strain : 1,300 grammes. 

Sulpbate of copper ought to contain less than 1 per cent, 
of iron, and 24 per cent, of pure copper (CUSO4 + 5H2O). 

Ammoninm cbloride or sal-ammoniac (NH4CI) 

ought to contain less than 1 per cent, of impurities, and less than five 
thousandths of lead salts. 

I>extrine dissolved in four times its weight of water ought to 
produce complete adhesion between two pieces of paper in ten minutes 
without sensibly discolouring them. 

Black oxide of man§fanese«— Without dust of the kind 
called needle manganese; it ought to contain at least 85 per cent, of 
manganese peroxide. 

Mean composition of commercial sulpiiate of 

copper {Culley) : 

Cxystallised copper sulphate .... 99*66 to 98*48 

Iron stdphate -09 „ '12 

Water '35 „ 1*4 
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Mean composition of certain samples ol com- 
mercial zinc {CulUy) : 

Zinc £9-27 9876 97*85 98*89 

Lead '67 I'lS 2-05 1*13 

Iron -06 '06 '1 '02 

The purest sample was Silesian zinc. Rolled or drawn battery zincs 
ought to contain at least 98-5 per cent, of pure metal, and at most half 
per cent, of iron. 

Purification of common commercial snlpburic 

acid {cPArsonvaJ). — ^It may be purified by merely shaking it up with 
common lamp oil in the proportion of 4 or 5 cubic centimetres of oil to 
the litre of acid. The foreign bodies which would attack the zinc, 
arsenic, lead, etc., are precipitated. 

Oilder^S verdig^S* — Gilders call a bath of nitric acid in which 
they clean copper and its alloys, strong water. When the strong water is 
nearly saturated with copper it ceases to bite. It is refreshed by adding 
sulphiiric acid, which forms an impure sulphate of copper improperly 
called verdigris, and sets the nitric acid free. 

The composition of this verdigris is rather variable. The following 
are the results of an analysis made by M. Van Heurck of a sample from 
a Paris shop. 

Water eraporable at 15° C. (moisture and water of 

crystallisation) 31*4 

Substances volatile at a red heat (water of combination 

and a little nitric acid) 9*1 

Oxide of copper 30*2 

Sulphuric acid 29*3 

Normal sulphate of copper contains : 

Water 36*3 

Oxide of copper 32*32 

Sulphuric acid 31*38 

It may be seen that the verdigris may be used advantageously instead 
of sulphate of copper in batteries of the Daniell class. The more so 
because the impurities increase the conductivity of the fluid. The 
verdigris costs about 45 per cent, less than sulphate of copper. More 
than one hundred thousand kilogrammes per year are produced in Paris 
{E, Eeynier), 



298 RECIPES, PROCESSES, ETC. 

PmillcatiOli of graphite {Felouze and JVm^).— Graphite 
may be purified by reducing it to coarse powder, and mixing it with 
about one-fourteenth of its weight of chlorate of potash. The mixture is 
well mixed with twice as much concentrated sulphuric acid as graphite in 
an iron vessel, and heated in a sand bath until all the vapours of chlorous 
gas have ceased ; when cold it is thrown into water and well washed. 
The washed and dried graphite is then heated red hot; it increases 
considerably in volume, and falls into a very fine powder. To purify it 
completely it must be levigated. After this operation it may be 
considered to be pure graphite suitable for a number of commercial 
purposes. 

Magrnetic figures may be obtained by placing a piece of 

• -slightly gummed paper over a magnet, and throwing iron filings on to it, 

and tapping the paper. Much better figures are obtained with sheets of 

.. glass covered with gum, and dried when the figure is formed; if the 

glass be exposed to steam the gum softens, and on drying fixes the filings 

in place ; such glass plates may be used in the magic lantern for lecture 

'purposes. 

• 

Soldering "wires {Culley). — ^To solder iron wires together 
dissolve chloride of zinc (or kill spirits of salts with zinc), add a little 

-^-hydrochloric acid (spirit of salt) to clean the wire. The rain soon 
washes off the excess of chloride of zinc. To solder iron and copper wires 
together the excess of chloride must be washed off, and the joint 
covered with paint or resin, or solder with resin. 
^ For unannealed wires solder at as low a temperature as possible. 

The zinc solution, or spirit of salt, should never be used except for 
overhead out-door lines. All joints in covered wire, whether run 
underground or above ground, and all joints within doors, either in 
covered or uncovered wire, should be made with resin. No spirit of salt, 
either pure or killed with zinc, should ever be allowed in an instrument 
maker's shop or dynamo factory. Workmen will use it, if not watched. 
Its presence may often be detected by holding an open bottle of strong 
solution of anmionia (liquor ammonise) under a newly made joint, if it 
becomes surrounded with a slight white cloud or mist, spirit of salt in 
some form has been used. 

Joints of gnttaperciia-eovered wire (CW7%).— Exact 

perfect cleanliness. Eemove the guttapercha for about 4 centimetres, 
clean the wire with emery paper, twist the wires together for about 2 
centimetres, cut the ends off close so as to leave no point sticking out. 
Solder with resin and good solder containing plenty of tin. The gutta- 



SOLDER, VARNISH, ETC. 299 

percha is then split, and turned back for about 5 centimetres, the soldered 
joint is covered with Chatterton's compound, and the guttapercha on 
each side of it is warmed and manipulated until the two sides join. The 
joint is finished with a hot soldering iron, taking care to smooth it off 
well, without burning it; it is then covered with another layer of 
Chatterton's compound. A sheet of guttapercha is then taken, warmed 
at a spirit lamp, and drawn out carefully so as slightly to diminiRh its 
thickness. Whilst both guttapercha and Chatterton's compound are 
warm the sheet is laid on the joint, and moulded round it with the ^ 
thumb and forefinger. The joint is then trimmed with scissors ; the V|| 
edges kneaded in and smoothed down with a hot iron. When the joint ^p 
is cold, another coating of Chatterton's compound is applied, and covered fH 
with a longer and broader piece of sheet guttapercha. The whole is th( 
covered with a final coating of Chatterton's compound, spread with th< 
iron, and polished by hand when cold, taking care to keep the hand well ^J^ 
moistened. It is indispensable to obtain intimate and perfect union "i I 
between the new guttapercha and that which covers the wire. A much Q^ 
neater and cleaner joint can be made by introducing the two wires into a ^J 
little sleeve of tinned iron, fixing it to the wires by compressing it as 4|^ 
metal tag is fixed to a laoe, and afterwards soldering ; no points are theij^Ef 
left sticking out at the ends of the joint. « 

Temporary Joints in gpattapercba-covered mrire.^v 

— ^A piece of indiambber tube, fitting tightly to the wire, is slid some JjJI 
distance up one of the wires. The ends of the wires are cleaned, twisted w 
together, and soldered in the usual way, and the indiambber tubing slic f^ 
down so as to cover the joint. '^ 

Solder* — ^Equal parts of lead and tin. Never solder with acids or 
chloride of zinc in instnmients. It is impossible to clean them away, and 
they finally corrode the metal. Chloride of zinc never dries completely, 
so that if it gets on to wood or ebonite, it spoils the insulation. All 
instrument work, and all jointing of covered wire or any kind of wire 
not freely exposed to rain, should be done with resin. 

Red varnisll* — For wood, interior of electro-magnet coils, gal- 
vanometers, etc., dissolve sealing-wax in alcohol at 90'; apply it with a 
pencil when cold in four or five coats, until the desired thickness is at- 
tained. It is better to use many coats than to make the varnish thick. 

AMr'®'**^'^*^^*®™ of wires. — ^A process employed in con- 
structing coils for high resistance galvanometers. The wire is wound in 
layers, each one being covered with a pencil with a coating of a cold 
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solation of gum copal in ether. It is baked, to dry it. The whole forms 
a sort of cake of considerable strength and high insulation resistance. 

Covering: of tbe external nires of larg:e electro- 
ma genets* — Large electro-magnets are generally wound with copper 
wire covered with a double layer of cotton. The outside layer is 
hardened by painting it with cold thick gum-lac varnish. It is gently 
roasted before a charcoal brazier. The layer thus formed is extremely hard. 
It is filed smooth, polished with flax and fine pumice powder, and finally 
varnished. 

Cement for induction coils. — ^The proportions vary very 
much, but generally approximate to the following formula: 

Resin 2 parts. 

Wax 1 „ 

For hot coimtries, sUghtly increase the proportion of resin. 

Tamisli for Sill£« — Six parts of boiled oil and two parts of 
rectified essence of turpentine. 

Tarnish for insulating: paper or tracing: paper.— 

Dissolve one part of Canada balsam in two parts of essence of turpentine ; 
digest in a bottle at a gentle heat, and filter before it grows cold. 

Application of an insulating: mixture to the 

coils of electrical UatHtruvOkentH*— Instructions issued to shops 
in which instruments are manufactured for the Indian Govemmentj Tele^ 
graph Department (JSchwendler), — The empty reels are, first of all, care- 
fully dried for five hours at a temperature of at least 230^ P. {\W C). 
The moment they are taken from the oven they are plunged into a melted 
mixture at a temperature of about 360° F. (180° C.) ; this mixture is 
composed (by weight) of : 

Yellow wax 10 parts. 

White wax 1 „ 

Bubbles of air appear on each reel after it is immersed. When no more 
air comes off, liie pot is taken off the fire, and allowed to cool very 
slowly. A little before the mixture sets, the reels are taken out and 
replaced on the fire so as to allow the excess of mixture to drain away. 
When they look quite clean they are taken off and cooled. They are now 
ready to receive the wire. 

When they have been wound, they are subjected to the same treat- 
ment, i.e, drying, immersion, and cooling. Practice has shown that the 
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coils must undergo this treatment at least three times in order to ensure 
their complete penetration by the mixture. 

Care must be taken during the successive heatings of the coils that the 
temperature does not rise too high; otherwise the mixture already 
present would run out instead of soaking into the coil. The drying 
temperature ought to be kept up to 230° F. (110° C), and that of the 
insulating comx)ound slightly diminished at each inmiersion. No paper 
should be used between the layers of wire. The evenness of the coil must 
be obtained by careful winding. Paper diminishes the magnetising effect 
of the coil, and prevents the composition from penetrating. 

Summary. — It must be borne in mind that : 

1. The preliminary drying of the reel and coils is necessary in order to 
get rid not only of moisture, but also of air, and so facilitate the pene- 
tration of the mixture. The temperature 230' F. (110^ C.) answers 
this purpose. 

2. The immediate immersion of the reels and coils in the melted 
mixture is necessary in order to prevent the penetration of air and 
moisture. 

3. The slow cooling is intended to make sure that only the mixture 
penetrates into the coil when contraction by cooling takes place. 

4. The reels and coils must remain in the mixture until no more 
bubbles are formed, this being the only indication showing that the 
mixture has filled up pores and crevices. 

Oven, — ^The same oven is used to heat the reels, coils, and mixture. 
It is formed of several copper receptacles arranged in a box of the same 
metal. The box is filled with hot oil, which produces a uniform tempera- 
ture in the receptacles in which the reels and coils are placed ; each 
receptacle is provided with a tin grating, on which the coils rest to 
prevent their touching the bottom. The earthen pot containing the 
mixture is heated directly on the open fire. 

Insulation of i¥ires for telegrapby and tele- 

pliony {C. Wiedemann). — ^Prepare a bath of potassium plumbate by 
dissolving 10 gr. of litharge in a litre of water, to which 200 gr. of caustic 
potash have been added, and boil for about half-an-hour ; it is allowed 
to settle, and decanted. The bath is now ready for use. The wire to be 
insulated is attached to the positive pole of a battery or electroplating 
dynamo, and dip a small plate of platinum attached to the negative pole 
also into the bath. The peroxide of lead is formed on the wire, and 
passes successively through all the colours of the spectrum. The insula- 
tion becomes perfect only when the wire assumes its last colour, which is 
a brownish-black. 
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This perfect insulatiou may be atilised for galvanometers or other 
apparatus. 

Clark^S composition* — For coyering the sheathing of cables. 

Mineral pitch 65 parts. 

SiUoa 30 „ 

Tar . . 5 „ 

It is mixed with oakum in the proportion of one volume of oakum to 
two of composition. Its density is about 1*62. The weight in kilo- 
grammes per nautical mile is obtained by multiplying the section in milli- 
metres by 3. 

Chatterton's compound. — For cementing together the 
layers of guttapercha in cable cores, an excellent insulator of fairly low 
inductive capacity. 

Stockholm Tar Ipart. 

Besin 1 .. 

Guttapercha 3 „ 

Is also used for filling up the interstices of shore-end cables. Its density 
is about the same as that of guttapercha, but its inductive capacity 
is less. 

Insulating^ cement* — ^The best, according to Harris, is good 
sealing-wax. 

Cement for insulators.— Sulphur, lead, or plaster of Paris, 
mixed with a little glue to prevent its setting too rapidly. 

Mnirhead'S cement. — 3 parts of Portland cement, 3 parts of 
coarse ashes, 3 parts of forge ashes, 4 parts of resin. 

Black cement. — l part coarse ashes, 1 part forge ashes, 2 
parts resin. 

Siemens' cement.— 12 parts iron filings or rusty iron, and 100 
parts sulphur. 

Marine g^lue.- Used for battery troughs and generally as an 
insulating cement used at a high temperature, and, like C(nnmon glue, 
with but little in the joint. It wiU stick together almost all materials* 
and form a strong joint. As, like ptch, it is a viscous solid and tends to 
flow, it should no^ be used thickly. One part of indiarubber is dissolved 
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in 12 parts of benzine, and 20 parts of lac are added, the mixture being 
carefully heated. It may be applied with a brush. It is sold commer- 
cially in a solid form. It may either be redissolved or applied hot, using 
a rather high temperature and taking care not to allow it to bum. 

Cement to resist beat and acids.— 

Sulphur lOOparfs. 

TaUow 2 „ 

Besin 2 „ 

Melt the sulphur, tallow, and resin together until they are of a syrupy 
consistence and of a reddish-brown colour. Add sifted powdered glass 
until a soft easily-applied paste is produced. Heat the pieces to be 
joined, and use the cement very hot. 

Cement used by Oaston Plants for bis secondary 

batteries is run hot on the corks and connectmg strips of the 
secondary cells to prevent the acid from creeping. 

Turner's cement 1,000 parts. 

Tallow, or beeswax . 100 „ 

Powdered al-ibaster powder 250 „ 

Lampblack (to colour it black) . . . . . 2*5 „ 

li¥aterproollniir i^ooden battery cells {Spragve).— 

When the boxes are quite dry and warm, it is smeared over inside with a 
hot cement, composed of four parts of resin and one part of guttapercha, 
with a little boiled oil. 

Note by translator. — ^The addition of boiled oil improves all substances 
used for this purpose which contain pitch, marine glue, or other viscous 
solid ; tending to prevent them from flowing. 

Cement for bone and ivory.— A solution of alum, con- 
centrated to a syrupy condition by heat. Apply hot. 

!Ebonite.— Mixture of 2 to 3 parts of sulphur, with 5 parts of 
indiarubber, kept for some hours at a temperature of 76^ C. under a pressure 
of 4 to 5 atmospheres. May be moulded into any desired shape. An 
excellent insulator, but becomes porous and spongy under the action of 
moisture, and loses its properties. To keep vulcanite in good order, it 
should be occasionally washed with a solution of ammonia, and rubbed 
with a rag slightly moistened with paraffin oil {SilvantM Thompson). 
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WBtertight decomposition cells for electro* 

tTping" {E. Berthoud). — ^A well-made vat of oak may last for twelve or 
fifteen years, if it be smeared inside with the following composition : 

Burgundy pitch 1,500 grammes. 

Old guttapercha in small shreds « . 250 „ 

Finely powdered pumice stone . . . 750 „ 

Melt the guttapercha, and mix it well with the pumioe-stone. Tfteti 
add the Burgundy pitch. When the mixture is hot, smear the inside of 
the vat with it. Lay it on in several coats. Roughness and cracks are 
smoothed off with a hot soldering-iron. The heat of the iron makes 
the cement penetrate into the pores of the wood, and increases its 
adhesion. The vat will stand sulphate of copper baths, but not baths 
containing cyanide. 

Turner's cement. — ^Used for fixing together pieces which 
have to be turned up to the same dimensions. It is thus composed : two- 
thirds brown resin and one-third beeswax. These proportions must be 
modified according to the temperature. In summer there must be less 
wax, and in winter less resin, so as to form a malleable cement, and 
tenacious enough to resist the friction of the tool on the material, also to 
resist the heating of the material, which is greater if it be used on a 
metal mandril. Wooden mandrils (of nutwood, for example) are better 
for this class of work. It is, however, necessary, when wooden mandrils 
are used, to pass the tool lightly over them, to make it smooth and of 
uniform thickness. 

A practical test of the quality of this substance is to let a drop of the 
melted cement drop on to a piece of metal ; when it is cold, chip it off 
and bend it between the finger and thumb. If it breaks, it requires the 
addition of more wax; if it is too plastic, of more resin« Experience 
alone can guide the workman to the right consistency {Oi*dinet, Frineipes 
de la construction des instruments de precision)* 

Composition for cnsiiions of frictional electric 

macllines* — Canton advises the use of an amalgam of zinc and tin. 
Kienmayer gives the following formula : equal parts of zinc and tin ; 
melt, and add twice the weight of alloy of mercury. When the rubbed 
plate or cylinder is of vulcanite, the amalgam must be softer than when 
it is of glass. In France they generally use mosaic gold (bisulphide of 
tin). The amalgam must be reduced to fine powder, and applied by the 
aid of a little hard grease. 
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Cleaning, scaling, and pickling of copper and 

its alloys* — ^A very important series of operations, in which the 
surface of objects which are to be electro-plated is made chemically 
clean, so as to ensure the adhesion of the metallic surfaces : 

1. Cleansing from grease, — ^Heat the articles over a slow fire of coal- 
dust, baker's braise, or, better still, in an oven, up to a dull red heat. 
Delicate or soldered articles must be boiled in an alkaline solution of 
caustic potash, dissolved in ten times its weight of water. 

2. Scaling. — ^The scaUng bath is composed of 100 parts of water, and 
6 to 20 parts of sulphuric acid at 66^ Baume. The articles may generally be 
dipped in the bath hot. Let them stop in the bath until they take a red- 
ochre colour. Articles cleaned from grease by caustic potash must be 
washed and rinsed with plenty of water before scaling. Henceforward 
the articles must not be touched with the hand. Copper hooks, or, better, 
glass hooks, should be used ; for very small objects, stoneware or porce- 
lain dishes. 

3. Passing through old strong water. — ^This is nitric acid, weakened by 
former use. The articles are left in it until the red layer disappears, so 
that, when they have been rinsed, they only show a uniform metallic 
lustre. Binse. 

Passing through quick strong water,— The articles, after being well 
shaken and drained, are dipped in a mixture of 

Nitric acid at 36° (yellow) 100 volumes. 

Cblorid>i of sodium 1 »> 

Calcined tallow (bistre) If* 

The articles ought only to remain in the bath for a, few seconds. 
Avoid heating, or the use of too cold a bath. Binse in cold water. 

6. Passing through brightening or mating strong water, — ^Articles which 
are to show a high polish are dipped for one or two seconds (shaJdug 
them) in & cold bath of 

Nitric acid at 36^ 100 volumes. 

Sulphuric acid at 66^ 100 „ 

Copper salt, about 1 *> 

When a mat surface is wanted, the bath is composed of 

Nitric acid at 36^ 200 volumes. 

Sulphuric acid at 66° 103 „ 

Sea salt 1 m 

Sulphate of zinc lto5 „ 

They should be left in the bath for from 6 to 20 minutes, according to 
the kind of purface required. They must then be washed for some 

U 
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time in plenty of water. The articles present an earthy, disagreeable 
appearance, which disappears on dipping them rapidly in the bright bath, 
and then rinsing them quickly. 

6. Fasaing through nitrate of mercurg.— Dip the articles for one or 
two seconds into a bath of 

Water 10 kHogrammes. 

Kitrate of mercury 10 gnrainmei. 

Sulphuric acid £0 ,, 

Shake before using. The bath should be richer in mercury if the 
articles are heavy, less rich if they are light. A badly cleaned and scaled 
article comes out of various colours and without metallic lustre. It is 
better to throw away a worked-out bath than to refresh it. After 
passing through the mercury bath, they must be rinsed in plenty of 
water, and then placed in the silvering or gUding bath. 

Cleaning: articles for nici^el-plating: {Gaiffe).— Clean- 
ing fron% grease,— "Rxxh them with a brush dipped in a thin, hot paste of 
whitening, water, and carbonate of soda. The cleansing from grease is 
perfect when the articles are easily wetted by water. 

Scaling. — Copper and its alloys are scaled in a few seconds by dipping 
them in a bath composed (by weight) of 10 parts of water, 1 part nitric 
acid. For unfinished articles a stronger bath is required, composed of : 
water, 2 parts ; nitric acid, 1 part ; sulphuric add, 1 part. 

Steely wrought and cast-iron (polished) are scaled in a bath composed of 
100 parts of water and 1 part sulphuric acid. They are left in the 
bath until they become of an uniform grey colour. They are then 
rubbed with moistened pumice-stone powder, which lays the metal 
bare. 

Unfinished steel, wrought a)id cast-iron must remain in the bath for 
three or four hours, then be rubbed with well- sifted powdered stoneware 
and water. The two operations are repeated until the coating of oxide 
has completely disappeared. 

I>eposition of copper on g^lass.— The glass is vanushed 
with a solution of guttapercha in turpentine or naphtha, or with wax dis- 
solved in turpentine. It is then brushed over with plumbago and put 
in the bath. The surface of the glass may be roughened by exposing it 
to the fumes of hydrofluoric acid, but this is rarely necessary. 

Tempering: of drills and tools for piercing and cutting 
hard or tempered steely either in the lathe or machine, when the article 
can only be finished aftei' it has been tempered, such as saw-blades, etc, — 
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Heat the tool to a cherry-red, then dip it in powdered resin ; replace it 
in the fire, and repeat the operation two or three times, then throw the 
tool into water at a temperature of 20' C. To use the tool turn slowly, 
and take care to keep both tool and work well moistened with essence of 
turpentine. If these directions be observed a good result can easily be 
obtained. Take care to give but little bevel to the tool ; if it is a drill, 
give it the shape of a conventional snake's tongue, like the ace of spades. 

Black bronze* — A steel bronze can easily be put on copper by 
moistening.it with a dilute solution of chloride of platinum, and sUghtly 
heating it. It may also be done by dipping the copper (well cleaned) 
into an acid solution of chloride of antimony (butter of antimony dis- 
solved in hydrochloric acid), but the colour is sometimes violet instead of 
black {JRoseleur), 

Oreen or antique bronze.— Dissolve 30 gr. of carbonate 
or chloride of ammonium, 10 gr. of common salt,' and the same quantity 
of cream of tartar and of acetate of copper in 100 gr. of acetic acid at 
8° Baume, or 200 gr. of common vinegar, and add a little water. When 
thoroughly mixed, the solution is daubed over the copper article which is 
to be bronzed, which is then allowed to dry in the open air for four- and- 
twenty or eight-and-f orty hours. At the end of this time it will be found 
to be completely verdigrised, but in different tints. The article is then 
brushed all over, and especially on the parts in relief, with a waxed 
brush, and if necessary the parts in relief are touched with colour. The 
green parts, which are to be made bluer, may be Ughtly touched with 
ammonia, and those where the tint is to be deepened, with carbonate of 
ammonium {Roseleur), 

Medal bronze. — ^The object being well cleaned, a thin paste of 
red oxide of iron and plumbago is applied with a pencil; it is then 
strongly heated ; then when quite cold it is rubbed for a long time in 
every direction with a softish brush, which is very frequently passed 
over a piece of beeswax, and then over the mixture of red ochre and 
plumbago. This process gives a very brilliant reddish bronze, which is 
very effective on medals. 

Bronzing: iron.— The articles to be bronzed, carefully cleaned, 
are exposed for about five minutes to the fumes of a mixture of equal 
parts of hydrochloric and nitric adds. They are then heated to a tempe- 
rature of 300° to 360^, until the colour of the bronze becomes visible. 
After cooUng they are rubbed with paraffin, and again heated until the 
paraf&n begins to decompose ; this last operation is repeated six times. 
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If they are now again exposed to the fumes of a mixture of concentrated 
hydrochloric and nitric acids, tints of pale brown-red are obtained. 
Adding acetic acid to the other two acids, coatings of oxide of a fine yellow 
bronze colour are obtained. All gradations of colour from lightrbrown 
red to dark-brown red, or from light-yellow bronze to dark-yellow bronze, 
may be produced by varying the mixture of acids. 

Professor Oser has covered with oxide by this process some iron rods 
1*5 metres long, and he asserts that after six months' exposure to the 
atmosphere of his laboratory, which is charged with acid vapours, they 
show no sign of being attacked {JDingler). 

Preparation of electric-lig^bt carbons.— The problem 

is how to prepare carbon of higher conductivity than wood charcoal, and 
which, if not absolutely free from hydrogen, is at least free from all 
mineral substances. To attain this end three methods may be employed. 
1st. The action of dry chlorine on carbon at a white heat. 2nd. The 
action of fused caustic soda. 3rd. The action of hydrofluoric acid in the 
cold on carbon cut into pencils immersed in it for some time. The use of 
chlorine answers perfectly for finely-divided carbon. By the double 
influence of chlorine and a high temperature the silica, alumina, manga- 
nese, alkaline oxides, and metallic oxides are reduced and transformed 
into volatile chlorides, and the hydrogen remaining in the carbon is trans- 
formed into hydrochloric acid, which is carried off with the chlorides. 

M. Jacquelain applies this method to solid carbon by directing a 
stream of dry chlorine for at least 30 hours on to a few kilogrammes of 
retort carbon cut into prismatic pencils, and heated to a white heat. 

This first operation leaves the carbon full of cavities, which have to 
be filled up, in order to restore as far as possible the original conduc- 
tivity and feeble combustibility of the carbons; this is attained by 
submitting them, after the chlorine purifying process, to the action of a 
hydrocarbon which circulates slowly in the form of vapour for five or six 
hours over the pencils heated to a white red heat in a cylinder of 
refractory clay. The vaporisation of the hydrocarbon (heavy coal oil) 
must go on slowly, so that the decomposition may go on at the highest 
temperature, and so as to produce but a small deposit of carbon, other- 
wise all the pencils would be covered with a layer of hard carbon, thick 
enough to fix them all together into a solid block, and thus render them 
useless. The action of caustic soda with three equivalents of water fixed 
in vessels of sheet or cast-iron is more rapid, converting silica and 
alumina into alkaline silicates and aluminates; by repeated washing 
with hot distilled water, the alkali, which has soaked in, is removed 
together with the sHicates and aluminates ; then by. washing with veiy 
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weak hot hydrochloric add and water all the iron oxide and earthy bases 
are removed ; and then a few washings with hot distilled water remove 
the remaining hydrochloric acid. 

The operation of purifying retort carbon by hydrofluoric acid is most 
simple. The carbon pencils are immersed in hydrofluoric acid, diluted 
with twice its weight of water, and left for twenty-four to forty-eight 
hours, at a temperature of IS*' to 25' C, in a rectangular covered leaden 
vessel. They are then washed in plenty of water, and then with distilled 
water, dried and carbonated for from three to four hours, if the earthy 
substances removed by the hydrofluoric acid are not in very great 
quantity. But the use of this acid even when diluted with twice its 
weight of water requires great care and precaution. 

Solution for paper for chemical telegraphs*— 

One part saturated solution of ferrocyanide of potassium, one part 
saturated solution of nitrate of ammonium, two parts water. 

Translation of the Morse character into 
letters {Commandant Perein). — The ingenious diagram below enables 
the letter corresponding to a Morse sign to be rapidly found. The 
diagram is thus used : 



./\„ 




H V F U L A P J 



Fig. 48. — Diagram for translating the Morse Alphabet. 




In order to find what letter corresponds to a given sign, starting from 
the top of the diagram, each line is traced down to a bifurcation, taking 
the right hand line of each bifurcation for a dash, and the left hand line 
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for a dotf and stopping when the dots and dashes are used up. Thus, for 

example, the signal leads us to the letter d, the signal to 

the letter/) and so on. 

Fixing: electric bell-i¥ires in honsesr— Copper wire 

f^th of a millimetre in diameter is generally used for the wires from the 
battery, and wires of ^th or 1 millimetre in diameter for the branches to 
the pushes. Insulated wire should always be used. One of the best bell- 
wires is covered with indiarubber, over which is a layer of braided cotton 
soaked in x>araffin ; guttapercha wire is very good, but simple cotton- 
covered wire is usuaUy all tiiat is wanted ; nothing, indeed, is better in dry 
places, if it be given a coat of shellac varnish after it is put up. The wires 
should always be kept an inch or two apart ; it is unadvisable, in passing 
through walls, door frames, etc. , to put both wires through the same hole, 
even if guttapercha wire be used. The wires may be fixed with small 
staples, but care must be taken that these are not hammered in so tightly 
as to cut through the insulation. Wherever joints have to be made, resin 
alone should be used for soldering, and the joint be covered with gutta- 
percha tissue or several coats of shellac varnish. 

Bells*— The best are mounted on bed plates of metal, which avoids 
the disarrangement of their adjustment, due to the play of wooden 
frames. They should be fitted with a set screw to prevent the contact 
screw from getting out of adjustment. They should never be fixed 
directly to a damp wall; whenever the wall is damp, a slab of wood 
painted with oil colour should be interposed. 

Static induction machines* — ^These machines give a 
continuous current, like batteries and magneto and dynamo machines ; 
the current is very small, but the electromotive force is very high. Thus 
the ordinary laboratory type of Holtz machine has a constant e. m. f . of 
about 50,000 volts at all speeds, but the current strength increases in 
proportion to the speed of rotation; at 120 revolutions per minute its 
internal resistance is 2,180 megohms, at 4*50 revolutions it falls to 646 
megohms. According to Kbhlrausch's experiments the maximum current 
furnished by a Holtz machine can only decompose '0035 m'crogramme of 
water per second, which corresponds to a current strength of about 
40 microamperes. 

Ink for uniting: on g^lass* — Dissolve at a gentle heat 5 
parts of copal in powder in 32 parts of essence of lavender, and colour it 
with lampblack, indigo, or vermilion. 

Ink lor eniraving; on g^lass* — Saturate commercial hydro- 
fluoric acid with ammonia, add an equal volume of hydrofluoric acid. 
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and thicken with a little sulphate of barium in fine powder. A metal 
pen may be used ; the ink bites almost instantaneously. The glass then 
only requires to be washed in water. 

Spray producer*— A common spray producer, which may be 
bought at any chemist's for a few pence, is very handy for fixing magnetic 
figures on gummed paper or glass. 

Coppering by simple immersion*— The following 

process is often used in order to protect iron and steel articles from rust, 
and give them the appearance of copper, when it is not required to obtain 
a lasting deposit or perfect adhesion. 

Prepare the articles by brushing them hard with petroleum, and wiping 
them in hot sawdust, then dip them for one minute only into a saturated 
solution of sulphate of copper, to which half its volume of acidulated 
water has been added. Take them out and wash them quickly by dipping 
them in boiling water and wiping them with hot sawdust. Very small 
articles can often be coppered by rubbing them well in sawdust well 
moistened with an acidulated solution of sulphate of copper. 

Another process, which is especially suited for cast-iron articles, 
consists in using a solution of 10 parts nitric acid, 10 parts chloride of 
copper, and 33 parts of hydrochloric acid. The articles are dipped 
several times, and wiped after each immersion with a woollen rag. 
When iron wire is thus coated it should be afterwards re -drawn so as to 
consolidate the layer of copper, and make it adhere better. . 

To coat large articles such as statues, candelabra, etc., the following 
solution is used : 

Water 25 litres. 

Potassic tartrate of soda 8 kilog. 

Caustic soda 3 „ 

Sulphate of copper 1*25 „ 

The mixture is carefully stirred, and time given for the complete 
solution of the ingredients ; the articles should be dipped in the solution 
by zinc wires. The work goes on slowly. Five hours are required for a 
uniform deposit. 

After being taken out of the bath the articles are carefully washed and 
dried {H. Fontaine), 
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of. 155. 
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Dynamo-electric machines (contd.) : 

Gulcber, 237. 
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Siemens, 237, 240, 243. 
Dynamo- electric machines. Size of 

wire for, 235. 
machines. {See also Machines.) 
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Edison's lamp, 271. 

machine, 240. 
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N. 
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163. 
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, Measurement of, 156. 
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of weight and force, 38. 
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Values of the acceleration due to 
gravity and the length of the 
seconds pendulum, 36. 
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Weight and force. Units of, 38. 
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